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In offering the following work to the public the author hopes to 
meet a want long felt by surveyors, and also to furnish a good 
deal of inforraatioii that will be especially valuable to persons who 
are intending to £t themselves for the duties devolvipg on sur- 
oTveyors. 

]^ He commenced the study of surveying and engineering thirty 

>K years ago, and has practised surveying in New Hampshire, Ohio,. 

> Wisconsin, Michigan, and Iowa, in twenty counties ; has con- 

^ versed with many surveyors in other States, and is in possession 

of considerable correspondence on the subject ; has found a great 

diversity of opinion and practice on many points. In as simple a 

matter as the subdivision of a section (not fractional) he has found 

five different methods pursued. 

The Hints to Beginners are drawn from the experience and 
observation of the author. 

The Rules, intended to cover every case likely to occur in a sur- 
veyor's practice, are based on United States laws, and have the 
written approval of the Commissioner of the General Land Office; 
consequently they will override any State law that conflicts with 
them, and as fast as the book comes into use will produce unifoim- 
ity and legality of practice. 

It is believed that the remarks on loecH attraction, and how to 
overcome it with a common needle instrument, will be peculia/^y 
acceptable to the profession generally. 



4 i'BEFAClS. 

The trarerse table, and tables of natural sines and tangents, 
cannot be excelled for accuracy, being taken from A. M. Scribner's 
plates, and are just what every surveyor needs in his pocket. 

There have been plenty of manuals und pocket table-books pub* 
lished for the use of engineers, but they fail to meet the wants of 
surveyors. 

The decisions of Supreme Courts quoted or referred to are good 
authority on disputed points, and this book puts you on the track 
of about one thousand of them directly or indirectly. 

It is hoped that the illustmtions will tad in making every point 
clear. B. F. Dobr. 
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UNITED STATES LAW. 



Sec. 2. And be it further enacted, That the boundaries and con- 
tents of the several sections, half sections, and quarter sections of 
the public lands of the United States shall be ascertained in con- 
formity with the following principles, any act or acts to the con- 
trary notwithstanding : 

1st. All the corners marked in the surveys returned by the 
Surveyor-General, or by the surveyor of the land south of the 
State of Tennessee, respectively, shall be established as the proper 
corners of sections, or subdivisions of sections, which they were 
intended to designate ; and the corners of half and quarter sec- 
tions not marked on the said surveys shall be placed, as nearly 
as possible, equidistant from those two corners which stand on 
the same line. 

2d. The boundary lines actually run and marked in the sur- 
veys returned by the Surveyor-General, or by the surveyor of the 
land south of the State of Tennessee, respectively, shall be estab- 
lished as the proper boundary lines of the sections or subdivisions 
for which they were intended ; and the length of such lines, as 
returned by either of the surveyors aforesaid, shall, be held and 
considered as the true length thereof. And the boundary lines 
which shall not have been actually run and marked, as aforesaid, 
shall be ascertained by running straight lines from the established 
comers to the opposite corresponding cornel's ; but in those por- 
tions of the fractional townships where no such opposite corre- 
sponding corners hav§ b^en, oj* 91m be, fixed, the wi boundary 
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lines shall l)e ascertained by running from the established corners 
due north and south or ea^ and west lines, as the case may be, to 
the water-course, Indian boundary line, or other external boun- 
dary of such fractional township. 

3d. Each section, or subdivision of section, the contents whereof 
shall have been, or, by virtue of the first section of this act, shall 
be, returned by the Surveyor-General, or by t he surveyor of the 
public lands south of the State of Tennessee, respectively, shall 
be held and considered as containing the exact quantity expressed 
in such return or returns ; and the half sections and quarter sec- 
tions, the contents whereof shall not have been thus returned, 
shall be held and considered as containing the one-half or the 
one-fourth part, respectively, of the returned contents of the sec- 
tion of which they make part. 

•  • • ■■• • • 

Approved February 11, 1806. » 

Remark. — The above is the Bock on which surveyors must 
stand, and on which all State laws must be based. 



PRINCIPLES, RULES, AND REMARKS, 

PREPARED FOR THB OUIDANCB OF SURVEYORS, BT B. F. DORR. 

Pxinoiple 1. — As long as the point at which the government 
has established a corner can in any manner be identified, that 
point must remain the corner. 

[See Act of Congress, February 11, 1805, Sec. 3, Prin. 1.] 

Principle 2. — If the county surveyor's measurement of any line 
differs from the measurement "returned" by the government 
surveyor, the county surveyor must establish, or re-establish, any 
corner which said line touches, at such distance from the adjacent 
corner or corners as shall be proportional to the ** returned" dis- 
tance, 

[See Act of Congress. February 11, 1805, Sec, 3, Prin, ».] 
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Remark. — The surveyor is governed by this principle every 
time he establishes a corner equidistant from a section corner 
and its adjacent quarter post, because his distance and the ** re- 
turned" distance between any two government comers rarely 
coincide. 

Principle 3. — All lines not run and marked by the govern- 
ment surveyor, or which cannot be identified, must be run 
straight from any given corner to the opposite corresponding 
corner. 

[See Act of Congress, February 11, 1805, Sec. 2, Prin. 2.] 

Rule 1. — To divide any section (not made fractional by a mean- 
dered body of water or Indian boundary) into quarters: 

Run a straight line between the north and south quarter posts, 
and a straight line between the east and west quarter posts, and 
at the intersection of these two lines establish the centre of the 
section. 

[See United States Supreme Court Reports, Sd Howard.] 

REMARK.^—This rule applies to sections 1, 2, 3, 4, 6, 6, 7, 18, 10, 
30, and 31, as well as to the full sections, and is based on Princi- 
ple 3. 

Rule 2. — To divide a quarter section into quarters : 

1st. Establish a corner on each side of said quarter equidistant 
from the corners terminating such side. 

2d. Run a north and south line and an east and west line 
between the corners so established, and at their intersection es- 
tablish the centre of the quarter. 

[See Act of Congress, February 11, 1805, Sec. 2, Prin. 1 and 2.] 

Rule 3. — To establish the corners to the fractional subdivisions 
in section 6 : 

1st. Establish the centre of the section according to Rule 1. 

2d. If your mea<*urement makes the distance from the east and 
west quarter posts to the north corners of the section the same as 
the "returned" distance, establish a quarter quarter-corner on the 

east section line at precisely twenty oha-in* north of tlie eiist (juar- 
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Section 6, Totcnship 24 North, Range It East, 



As the government surveyor returned it 
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Section 6, Toumahip 24 NoHh, Range 11 East. 



As I found it : 
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t«r post, and another on the west section line at precisely twenty 
chains north of the west quarter post. The length of the line 
from the centre of the section to the north quarter post should 
be half the sum of the lengths of the lines from the east and west 
quarter posts to the north corners of the section. If it should 
prove to be so, establish a quarter quarter-corner on said line at 
twenty chains north of the centre of the section. 

2$d. If your measurement makes the distance from the north 
and from the south quarter posts to the west comers of the sec- 
tion the same as the '* returned" distance, establish a quarter 
quarter-corner on the north section line at twenty chains west of 
the north quarter post, and another on the south section, line at 
twenty chains west of the south quarter post. The length of the 
line from the centre of the section to the west quarter post should 
be half the sum of the lengths of the lines from the north and 
south quarter posts to the west corners of the section. If it 
proves to be so, establish a quarter quarter-comer on said line at 
twenty chains west of the centre of the section. 

4th. If, on any of the above lines, your measurement differs 
from the "returned" distance, or "original" measurement, you 
will establish your corners in accordance with Principle 2. 

Remark 1. — The second part of Rule 8 can be used in subdivid- 
ing sections 1, 2, 3, 4, and 5, and the third part in subdividing 
sections 7, 18, 19, 30, and 31. 

Remark 2. — As the subdivision of section 6 causes inexperi- 
enced surveyors more perplexity than any other, the example of 
actual practice in Figs. A and B, pages 10, 11, is given. 

Section 6, Township 24 North, of Range 11 East, of the 
Fourth Principal Meridian. 

Role 4« — To find the quarter lines through sections made frac- 
tional by a meandered body of water : 

1st. If a part or the whole of the east line of the section, and 
of the west line also, is given, then a line running from the given 
quarter post to the meandered stream or lake, with a bearing 
whicli is half the sum of the bearings of the two section lines, will 

l?e tb^ north »n4 south quarter line required— 6.j^., it the ei^t Une 
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has a bearing of 6^ dO', and the W6st line has a bearing of 6^, 
then must the said quarter line have a bearing of 6^ 15'. Se« 
Fig. 1. 

2d. If % part or the Whole of only one of the above section 
lines is given, then the quarter line must run parallel with the 
given section line. 

8d. If no part of a section line is given with which the quarter 
Tine can be run parallel, then run it at right angles with the sec- 
tion line on which the given quarter post stands. See Fig. 2. 

4th. The principles embtaded in the previous parts of this rule 
will govern in establishing the east and west quarter lines. See 
Fig. 1. 

Remark 1. — ^The quarter quarter-comers in such a section will 
be established in accordance with the principles embraced in Rule 
8, find the eighth lines in accordance with the principles embruced 
in Rule 4. 

Remark 2. — The instructions from the igovemment say : 
** JVom the given quiirter post ran due north or south, or oast 
or west, as the case may be, to the water-course," etc. ; but as 
ndrth from any section corner means along the section line, how- 
ever much that may vary from due north, it follows that north 
from the adjacent quarter post, on either side of said section cor- 
ner, mu«t be parallel with said section line, if only said line of the 
section is given, tf both the east and the west lines of the given 
section are given, as both are held by government to run due 
north, it follows that the quarter line mii«t take a bearing inter- 
mediate between the two. 

Similar reaaonini? is sound in regltrd to the east and West quar- 
ter line, and the €«ghth lines a;i8o. 

Note.— Ft^*. \,2,(mdn, nHih ikeir eaipHtMUions. were nof f&r- 
uarded to Waahinffian f&r approp^, hut are insetted here to tUue- 
trate the p inis of whicn they treat. Neither were the notes which 
you find written in itaiies forwarded. 

Let Fig. 1 represent the south part of section 10. made frac- 
tional by Lake Michigan. You mn the east line, aYid find the 
variation to be «♦ 40*. The variation of west line. «♦. Then 
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must the north and south quarter line be run from the S ^ P. to 
the Jake with a yariation of 6"®'^20^ V 

You find an angle in the south line of the section at j^ P.— the 
east half of the line varying 6"^, and the west half 6^ 40'. 

You must therefore run the east and west quarter line from the 
E. if P. with a mean variation, or 6^ 20'. At the intersection of 
these two quarter lines is the centre of the section. 




V?3ff 



t>.6*" 



It follows that the north and south eightli line through the 
S.W. }^ must be run from the eighth comer to the lake with a 
variation of G*" 10'. 

The east and west eighth line through this quarter will be de- 
termined by the eighth corners at. its extremities, and the inter- 
section of these two eighth lines is the centre of this quarter. 

Perhaps this is as good a place as any for me to say that I think 
there are no such things as sixteenth lines, and only four six- 
teenth comers in a section — viz., the centres of the quarters. 

The comer a being "returned'* as set equidistant from the 
quarter posts between which it stands, the line a b must be run 
from a to the lake with the intermediate bearing 6^ 30'. 
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Bkmark. — Quarter posts often stand nearer one section corner 
than the other, and out of line, as shown in the above. 



Suppose you find local attraction in the abore sectioa ? 

Set your compass at A, and take the bearings of A 6 and A E. 
Although these will not be 6"*" and 6"*" 40', they will still differ just 
40'. Therefore E B diflfers from A B or A E 20'. Set your conj- 
pass at B, and take the bearing of B A. Move the vernier 20' 
to the left, and turn your compass till the needle points to W., 
and you will have the bearing of B E. Then turn your compass 
toward df, and note the angle E Bfi, Set your compass at e and 
turn it towards e to get the bearing of B C at c. Then make the 
angle aeC equal to E B C, and your compass will be in position 
to run the line e 0.  

TO BUN A 0. 

Set your compass at E, and take the bearing of E D, which will 
differ 40' from E A. You have found that B C differe from B A 
40' ; therefore A o must differ from E A or A B 20' — ^20' less than 
A E, and 20^ more than A B. 

Let Fig. 2 represent the south part of section 9, made frac- 
tional by a river. 

You will notice that A C and A B have different bearings. B C 
must have half their sum. Bun A c at right angles with B C, and 
at 40 chs. (d) establish the centre of the section. Bun a d and 
d b parallel with B G for the east and west quarter line. Run 
the north and south eighth lines parallel to, and the east and west 
eighth lines at right angles with, A c. 

Remark. — In case of local attraction, refer to the suggestions 
under Fig. 1, and to those in regard to the correction of a random 
line where there is local attraction, and you will understand how 
to overcome it in this case. 

Note. — For a discussion of the proper subdivision of fraetiotiai 
sections see '* Engineering News " of January and March, 1875. 

Definitions. — 1. A lost cornes is one of whose original posi; 
tion sufficient evidence may be found to re-establish it. 
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B of Whose original position 

RnlB K^-To re-entabUsh a lost corner when one or mure bear- 
ing-trees <or their Btumps) u« standing; 

lat. If two or more bearinft-trves we staading, and the "re- 
turned conrse and distance " from each indicates the same spot, 
re-establish the comer at that spot, Toakiitg due allowance for the 
growtli of the trees since the oomBr was first established. 

2d. If onlf one bearing-tree is standing, and fon are satisfied 
that the original field notes nt jts course and distance from the 
comer ore cmrect, yoji will K-establish the comer at the epot 
therebj' tn^aMd. 

Remaek 1.— The marks on a bearrog-tree (unless there is con- 
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flicting evidence) are always held to be on the side of the tree 
which is nearest to the corner. 

Remark 2. — There are often inaccuracies in the field notes. 
Sometimes one of the cardinal letters is improperly given. Some- 
times the course and distance given to one tree belong to another. 
Sometimes the course is given from the tree towards the corner ; 
but it should always be from the corner towards the tree. Some- 
times the number of links distant is given, in place of the num- 
ber of degrees in the course, and vice versa. 

Sometimes instead of the angle intended its complement is 
given — e.g., 55^ when 35^ is the angle intended. Sometimes 
the angle is read from the wrong side of the figures— «.^., N. 35^ 
E. is called N. 45^ E. 

3d. Taking all the evidence obtainable into consideration, you 
will re-establish the corner where the weight of evidence places it. 

4th. In the absence of other evidence, the oath of an unim- 
peachable witness as to the identical spot at which the original 
corner stood is sufficient to re-establish said corner at the spot 
which he designates, he having been present at its establish- 
ment BY GOVERNMENT SURVEYOR. 

Note. — The above phrase in small eapitalSy with the phrases in 
same type in Rides 6. 7, and 8, are the amendments inserted by the 
authorities at Washington in the copy I sent there for approval. 

Remark.— It is not sufficient that a man says a corner stood 
pretty near a certain spot. 

Rule 6. — To re-establish an obliterated quarter post: 

Note. — The bearing-trees at a quarter post are marked }^ S. 

Place it on a straight line between the other two government 

corners standing on the same section line. If said corners are 

both section comers, place the quarter post equidistant from 

them — except in sections 1, 2, 3, 4, 5, 6, 7, 18, 19, 80, and 31, 

IN case the same fall short or overrun 80 CHS. 

Note. — This was an oversight on my part, as Remark 1 under 
Rule 3 will show. 

If one or both of said comers are meander corners, place the 
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quarter post at a proportional distance from them. aocorJing to 
Principle 2. 

Rule 7. — To re-establish an obliterated section corner, in sec- 
tions OTHEB THAN THOSE IN THE NORTHERN AND WESTERN lIER OF 
SECTIONS IN A GIVEN TOWNSHIP. 

Note. — The above amendment is covered by Excfi.ptio7x 1 u^er 
this rule. 

Fig. 3 
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1st. Place it equidistant from the adjacent quarter posts norll) 
and south of it, and at a pioportional distance fiom the adjacent 
quarter posts east and west of it See Principle 2. 

2d. If one of the adjacent quarter posts is gone, use the adjacent 
section corner ; and if thai is gone, re-establish it from what data 
you can gather before proceeding to re-establish the given corner. 
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Fig. 3 represents a case that occurred in my practice recently, 
A being the obliterated corner. 
The " returned distance" from 

A to B was 79.77, making A to a=39.885 
A to a was 80.05, making A to 6=40.025 

Hence a to 6=79.91 

I found the distance from a to b was 80.30; 

79.91 : 80.30 :: 39.885 : 40.08 

Note. — In Hawes's " MamLaV* you will find a more extensive 
illustration of this pri. ciple; hut when I wrote these rules I had 
not seen that work. 

Exception 1. — The section corners on township or range lines 
must be re-established at proportional distances from the adjacent 
quarter posts on such township or range lines. 

Exception 2. — If one of the government corners north or south 
of an obliterated section corner be a meander corner, then must 
said section corner be re-established at proportional distances from 
the government corners surrounding it. 

Remark 1. — Some surveyors run two straight lines between the 
quarter posts surrounding an obliterated section corner, and re- 
establish it at their intersection. This is manifestly wrong, be- 
cause the two east and west lines or the two north and south 
lines meeting at a section corner seldom have the same bearing. 
They nearly always form an angle. And it is also true that the 
** returned distance'* from a section corner to the quarter post 
east of it is hardly ever the same as the ** returned distance" to 
the quarter post west of it. 

Uemark 2. — The above Rule, Remark, and Exceptions apply 
t o township as well as to section corners. 

Note. — Tlie foregoing rule will apply in ordinary cases. But 
since the township and range lines are run with greater care, with 
more accurate instruments, at a greater cost per mile, and we find 
in practice that they agree with the ^^ returned field notes''' much 
more nearly than section lines, I think it better to disregard said 



20 THE SCRVEYOR*S GUIDE, 

rule when it wwdd deflect a township or range line more tJum two 
rods. 

In such cases I would re-establish the required section corner on 
a straight line between the nearest recognizable comers on said 
township or range line, and at a proportional distance between 
thenu 

Role 8. — To re-establish an obliterated meander comer: 
1st. Ck>mmenoe at the government comer nearest to the mean- 
der comer sought, and ran a straight line to the "line-tree," 
SHOULD THERE BE ANT, nearest to said meander comer. Prolong 
said line to the meandered bank, and there re establish said mean- 
der comer. 

2«l. If there are no "line-trees" between the given corner and 
the meandered bank, then retrace the " meander line " between 
the two nearest meander comers, and re-establish the required 
meander comer at the point which agrees nearest with the " mean- 
der line." 



GENERAL REMARKS. 



If "line-trees" are found on any line, they are held to mark 
and establish said line, however much they may cause it to zig- 
zag. 

[See Act of Congress, Febmary 11, 1805, Sec. 2, Prin. 2.] 



The foregoing Rules, etc., were sent to Washington for approval, 
and the following was received in reply : 

Department of the Interior, 

General Land Office, 

Washington, D. C, March 7, 1874. 

In reply I have to say that I have duly examined the document 
prepared by Mr. Dorr, and find that it embodies correct and equiki- 
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ble principles, and is in the main, in consonance with the survey- 
ing laws of the United States. 

• ••••••• 

I have the honor to be, very respectfully. 

Your obedient servant, 

Willis Drummond, Commissioner, 

Remark. — Although "line-trees," or "sight-trees," are held to 
mark the line on which they stand, yet, inasmuch as they usually 
form a crooked line, and the parties interested usually prefer a 
straight line, I think said trees ought to be disregarded, except 
when they aid in re-establishing an obliterated comer. 

You will recognize them by the two notches on each side. 



OBLITERATED GOVERNMENT CORNERS RE-ESTABLISHED BY REFERENCE 
TO PREVIOUS COUNTY SURVEYORS* WORK. 

I think when you are called to survey in a section which 
has been subdivided, if you are satisfied that it was properly and 
carefully done, and there is no question about the position of the 
corners then set, it is allowable to use such comers in re-establish- 
ing any obliterated comer — e.g , if, in Fig. 3, there had been a re- 
liable corner at e, I might have set A in line with a and c, making 
A c equal to c a» 

CORRESPONDENCE WITH COMMISSIONER GENERAL LAND OFFICE. 

The following correspondence is so full and explicit in regard 
to the ruling of the department on the subject of the propor- 
tional measurement that it seems to me desirable that it be in- 
serted here for reference : 

Waupaca, Wis., September 1, 1873. 

Commissioner General Land Officey Washington, D. C: 

Sir : Enclosed you will find a printed copy of a letter from your 
office, bearing date January 9, 1873, addressed to Mr. Melendy, 
of Shawano. I have in my possession another letter from your 
office, of which the following is a copy, to wit ; 
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*' Department of the Interior, 
''General Land Office, 
•* Washington, D. C, January 30, 1872. 

**E, P, Perry, Esq,, New London, Win.: 

'*8iR : In reply to your letter of the 8ih inst., I haye to say 
that the official plat on file here represents the southeast }^ of the 
northwest J^ of section 2, township 24 N., range 14 E., Wis., as 
containing 40 acres, and that the area of the fractional section 
north of it must be determined without interfering with the said 
40-acre tract. Very respectfully, 

"Willis Drummond, Commissioner.^^ 

The owner of the above-described 40 claims that he is entitled 
to just 40 acres by my measurement ; althougli thereby the man 
who owns the fraction north of him must be content with two or 
three acres less than his patent calls for. It seems to me, from my 
understanding of your letter of January 9, 1873, and from all the 
information I have been able to obtain during the last fifteen 
years, that the fraction and the 40 should share the deficiency pro- 
portionally. 

Now, if you will be kind enough to explain the matter a little 
more fully, you will oblige me and others. Do you mean by the 
letter of January 30, 1872, that what said 40 lacks in width ph^i 
and west must be made up in length north and south, so (iuit 
the tract shall contain precisely 40 acres, according to my mea- 
surement ? And how far north of the centre of ^aid section 2 
shall I set the northeast comer of said 40 ? 

Yours res[>ectf ully, 

B. F. Dorr. 

Department of the Interior, 

General Land Office, 

Washington, D. C, September 13, 1873. 

B. F. Dorr, Esq,, Waupaca, Wis. : 

Sir : In reply to your letter of the 1st inst. relative to the pro- 
per manner of establishing the quarter quarter-corner north of the 
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centre of section 3> town 24 N., range 14 E. 4th P. M., Wisconsin, 
I have to say as follows : 

The said corner should be established at a distance of twenty 
chains — original measurement — north of the centre of the section. 
This rule will, of course, necessitate the adoption of a, proportional 
measurement if the chaining does not agree with the original dis- 
tance. The original length of the quarter line from the centre of 
the section to the township line is the mea/n between the east and 
west boundaries of the north half of the section, or 45.85 chains, 
this being the length adopted in calculating the area of the lots in 
said section. 

My letter of January 30, 1873, relative to the S. E. 3^ of N. W. 
J^ of said section 2, addressed to Mr. E. P. Perry, was based upon 
the presumption that the couuly surveyor's chain was of the same 
length as that of the United States Deputy Surveyor. 

Very respectfully, 

Willis Drummond, Commissioner. 

Kemakk. — ^I have since written to Mr. Druramond's successor 
in regard to this same case, and his decision confirms the above. 

Note. — For court decisions on this point see Moreland vs. 
Page, Iowa Reports, vol, 2 Clarke ; Jones vs. Kimble, 19 Wis. 
430 ; Westphal vs. Schultz, 48 Wis 75. 



now TO PROCEED 



WHEN A SECTION HAS BEEN SUBDIVIDED IN ACCORDANCE WITH SOME 
STATE LAW WHICH CONFLICTS WITH UNITED STATES LAW. 

Resurvey or subdivide said section in accordance with the United 
States laws and instructions from the Secretary of the Interior, 
paying no attention to the previous subdivision, only as it may 
aid you in re-establishing government corners wliich may liave 
become obliterated. 

Remark 1. — No survey will hold, no matter how many years it 
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may remain unquestioned, which does not confoi-m to United 
States law, and the parties interested may as well have the matter 
decided now as to wait till they have made more valuable improve- 
ments. 

Remark 2. — In Iowa ten years, and in Wisconsin twenty years, 
of undisputed possession give the possessor a valid title. 

If, in a case of the kind in question, the subdivisional lines 
established by the previous surveyor have been recognized as 
boundaries by the parties interested, during as many years as have 
been prescribed by the State in which the land is situated, then 
said subdivisional lines have become and are their legal bounda- 
ries. 

Now, what shall be done with the portions of land which lie 
between the boundaries thus legalized and the governmental sub- 
divisional lines ? 

Ans. Nothing, as long as the present owners hold the land ; 
but when they sell they must give a separate description of the 
land so acquired or lost, as the case may be. 

To survey an irregular-shaped field where there is local attrac- 
tion: 

Let A, B, C, D, E repre- 
sent such a field. 

Set the compass at any 
corner — e.g., at A. Take 
the bearing of A B. Move 
your compass to B and sight 
back to A. If there is local 
at t taction your back-sight 
and fore-sight will not agree. 
Move your vernier till they 
do agree. Then take the 
bearing of B C, and proceed 
as before. Continue in this 
manner around to A. You 
will thus get the angles as correctly as though there were no local 
attraction. 
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Remark. — If this plan were pursued iu the Eastern and Middle 
States future surveyors would be saved much of the perplexity 
which worries present surveyors iu those States. 

The reading of the vernier when starting at A, and the diffe- 
rence between each back-sight and the previous fore-sight, should 
be noted in the record of the survey; and then as long as any one 
of the lines could be determined with certainty there would be 
no difficulty in retracing the other lines, although the monuments 
at their extremities were destroyed. 



WEIGHT OF EVIDENCE. 

In the case of a lost or obliterated corner, I dee:ii it of great 
importance that the surveyor in re-establishing said corner should 
give careful attention to the principle of " weight of evidence." 

In support of this opinion I quote the following authorities: 

Leven vs. Smith, 7 Port. (Ala.), 428: "Each section or subdivi- 
sion of a section is independent ot any other section in the town- 
ship, and must be governed by its marked and established bounda- 
ries. And should they be obliterated a last recourse must be had 
to the best evidence that can be obtained showing their former 
situation and i)lace." 

Moreland vs. Page, vol. 2 Clarke (Iowa): "That cUl ascer- 
tained surrounding monuments shall have their due weight in 
determining the locality of the unascertained, under the system 
by which the survey was originally made." 

McClintock vs. Rogers, 11th III. Reports, Peck: "The law 
cannot satisfactorily determine in all cases whether course or dis- 
tance shall control, when they do not correspond ; this must be 
determined by concurring testimony and the circumstances of 
each particular case. The one that convinces the judgment most 
must be selected.'* 

Sur.-Gen. H. A. Wiltse to C. Palmer, Oshkosh, Wis.: "You 
will place the corner where tlic weight of evidence places it." 
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Gov. C. C. Carpenter, of Iowa, in instructions to county sur- 
veyors : ** No surveyor can intelligently subdivide a section unless 
he is thorouglily conversant with the system by which that section 
was originally surveyed/* 

Geo. H. Frost, page 9 Engineering News, Jan. 15, 1875 : 
" If there were no good evidence by which to restore the lost cor- 
ner, we would leave it to the judgment of the surveyor. There 
are cases where, after all, the good judgment and common sense 
of the surveyor must be the principal guide to a correct decision." 



HINTS TO BEGINNERS. 

REASONS FOR AND AGAINST USING A TRANSIT. 

For, 

The telescope enables you to see closer than you can with open 
sights, and that is all it has, in my estimation, to recommend it. 

I should prefer a transit for village or city surveying, or for 
work on the prairie. 

Against, 

It is cumbrous and expensive It takes too long to clear a path 
for it, and too long to set it at each station. 



REASONS FOR AND AGAINST USING A SOLAR COMPASS. 

For, 

It is the most reliable instrument that I know anything about, 
and I believe it to be the best instrument for government sur- 
veyors. 

Against. 

When the sun does not shine it is no more reliable, and is a 
good deal more cumbrous, than a vernier compass. It is ex- 
pensive—costs about four times as much as a vernier compass. 

A !nan called twenty-five miles from home to do a day's work 



THE surveyor's GUIDE, 27 

with a soliir compass may be obliged to wait three weeks to get 
sunshine enough to do it in. 



REASONS FOR AND AGAINST USING A VERNIER COMPASS. 

For, 

It is as reliable as a solar compass when the sun does not shine 
and the solar compass is run by the needle. 

A vernier compass with only a Jacj^b-staflf is easily and quickly 
set up at stations, and is light and convenient to carry over logs, 
under brush, and through swamps and wind-falls. 

The needle of a vernier compass is no more liable to deflection 
than the needle of a transit. 

I think that if a county surveyor has forests to work in, and is 
only going to keep one instrument, he ought to use a venier com- 
pass with six-inch needle. One costing from $50 to $60 will do 
any county surveyor's work with sufficient accuracy. 

I can run a line with such a compass as straight as any man 
can build any ordinary kind of fence, and think it wasteful for 
my patrons to spend the time and money necessary to get a line, 
on which a fence is to be built, any nearer straight than they can 
build their fences. 

I '^run'* a line a mile long last fall with only my ordinary 
care. Very few bushes and no trees were cut for me. Some of 
the parties interested were dissatisfied with the location of my 
line. 

I told them if they could prove that my line was not straight 
they could move it. 

They employed a man with an excellent transit. He told them 
they must clear a path for him. They did so, and he run it, and 
decided that there was a bow or bend in my line of just four 
inches. 

If I had taken as much time and pains as he did it is likely 
that we -should have differed less. 

Against, 
You cannot run so straight a line with a vernier compass as 
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with a transit because you cannot discern a distant point so 
clearly with the naked eye as with a telescope. 

It is not so reliable as a solar compass, because when the sun 
shines the solar compass is run regardless of the needle. 

I am free to admit that I should like to own a solar compass, a 
transit, and a vernier compass ; but few county surveyors re- 
ceive pay enough to justify them in incurring so much expense. 

Note. — Tfit above was written twelve years ago, I think now 
that I should prefer an instrument similar to Ourley's railroad 
compass, by which I could take angles independently of the needle. 



HOW TO CAEEV YOUB COMPASS. 

Have a brass cover over the glass to protect it when you are go- 
ing to and from your work. 

Take a strip of webbing 2^ inches wide and 3 feet to 3^ feet 
long (according to your height), and two strips of good harness- 
leather IJ^ inches wide and 10 inches long. 

Double each strip of leather to form a loop. Sew one of them 
securely on each end of your webbing. When you need to carry 
your comp;;3o <» naif-mile or more slip one of the loops over the 
north end of your compass. Grasp your compass with your right 
hand — compass-face towards your body — and pass the webbing 
over your left shoulder, and the remaining loop over the south 
end of your compass, in front of you. 

In carrying your compass from station to station grasp the 
north end of your compass with your left hand, palm up, the face 
of the compass being kept up, and let it rest on your left fore-arm 
and on your left hip. 

I think this way safe and convenient. I have fallen a great 
many times while carrying a compass, but have never injured 
one by a fail. 

KIND OP CHAIN TO USE, AND HOW TO KEEP IT COBKECT. 

Use a two pole steel chain, No. 12 wire. Your chainmen will 
keep a two-pole chain nearer straight and nearer level than they 
wculd a longer chain. 
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When you get your chain, stretch it on a floor or sidewalk and 
mark where the ends come. Test your chain occassionally by this 
measure, and if you find it too long take out one of the little 
round links. 

Iron chains wear too fast. I have one, that has not been in 
constant use more than eighteen months, out of which I have 
taken seven round links or rings. 



HOW TO DO UP YOUR CHAIN. 



Take one end of the chain in your left hand , then slide your 
right hand along the chain to the fourth link, and lay that in your 
left hand. Continue the operation to the last link. Your chain 
will then be in the form of a square, one link square. 



KIND OF MARKING-PINS TO USE. 

Use eleven pins (one to start from), made of No. 4 brass wire ; 
then if your forward chainman comes up behind you when you 
are setting your compass, his handful of pins will not attract your 
needle, as iron or steel would. You will thus secure yourself 
against one source of error. 

KIND OP FLAGS TO PUT ON THEM. 

Take a strip of strong white cotton cloth, 1)^ inches wide and 
5 inches long, and a strip of strong red flannel of same size, and 
stitch them together; and then stitch them into the top of your 
marking-pins. 

Flannel alone wears out too soon. I find blue flannel conspicu- 
ous in the fall, when the leaves are red. 



CHAINMEN. 



Let your most intelligent chainman take the forward end of the 
chain. He will have more judgment in overcoming obstacles, and 
will straighten the chain more uniformly when he sets the pins, 
than his comrade would. 
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If you are obliged, as I am, to change chainmeu every day or 
two, and take green American, German, French, Irish, Norwegian, 
Swede, Dane, Swiss, Scotch, and Englishmen, I think you will 
adopt the plan above recommended. 



CORNER-STONES. 

Before you set a stone for a corner set a marking-pin ten links 
from said corner. Measure off twenty links, and set another pin 
in such a direction from the first that the brass at tlie tentfi link 
will hang over said corner. Let these two marking-pins stand 
while digging the hole for the stone. 

Note the kind, color, length, breadth, and thickness of the stone, 
and. when practicable, cut a cross on its top or make a hole in it, 
and put bricks or broken dishes under it. 

When the hole is deep enough drop in the stone. Stretch the 
chain between the two pins, and set the centre of the stone, or the 
mark on top of it, under the brass at the tenth link. 

Urge your employers to have stones set, as in no other way can 
your work be made permanent. 



WHERE TO CARRY YOUR MARKING-IRON. 

Attach a loop of leather to it, and drop the loop over one of 
your boot-straps, carrying the iron inside your boot. If you carry 
it in your pocket you are liable to get it near enough to your 
compass to attract the needle. 



POCKETS FOR BOOKS. 

The pockets in which you carry your field notes should be 
encased in silk oil-cloth or rubber cloth. They should have 
covers with a strip of oil-cloth between the lining and the outside, 
and arranged to button. Then if you are caught in a shower 
your books and papers will keep dry. If you lie down to drink 
out of a spring or stream your books and papers will not slip out 
of your pockets into the water. 1 wear a short flannel or woollen 
overshirt, gathering and sewing the bottom of it into a belt of 
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the same material, which buttcms around my waist, with outside 
breast-pockets. 

Sometimes electricity is produced on the compass-glass by fric- 
tion against clothing. Then one end of the needle adheres to the 
under-side of the glass. To dissipate the electricity touch the 
glass in several places with a wet finger. 



To ascertain how to move your vernier in order to run farther 
to the loft or right, sight towards some permanent object and 
move your vernier. 

KIND OP FLAG-POLE TO USE. 

A strip of inch board two inches wide and ten feet lonp will 
make a good one. (You need two of them.) Let it taper a little 
in width and thickness from bottom to top. Attach an iron point 
to the bottom. Paint one side of it any common color, and attach 
a block (in which is a small "level bulb*'; to that side, in such 
a way as to determine when the pole stands perpendicular. 

Paint the other side of the pole in alternate stripes of bright 
red, white, and blue, making each stripe one foot long and half 
the width of the pole wide. Paint one edge of the pole red and 
the other white. 

Note. — Suitable level bulbs {about \% inches long) can be ob- 
tained of any instrument-maker. Blocks should be 2}^ incites 
widSy and set end of grain up. Excavate top end^ set level bulb in 
it in plaster of Paris, Then fasten a piece of brass or copper, 
with a hole in it, over the top of the block to protect level bulb. 

While setting level bulb you can plumb your staff by a plumb- 
linfi. 

ANOMALOUS SECTIONS. 

Occasionally there is much more land on the north or west side 
of a township than enough for the ordinary fractions. 
• Tn Township 25 North, of Range 15 East, in Wisconsin, the 
sections in the western tier are like this: 

The extra divisions are called lots, and numbered as shown. 
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Kemeiuber that gov- 
ernment only sets 
comers on the exte- 
rior lines of sections, 
and that all your 
a, lines must be straight 
from any given cor- 
ner to the opposite 
correspon ding.comer 
— e,g,f from ato b. 



DIAGRAM AND DESCRTPTION OF THE METHOD OF DESIGNATING THE 
DIFFERENT CORNERS IN A GOVERNMENT TOWNSHIP (FIG. 6). 

The descriptions of comers, which you can procure from the 
District Land Offices, are given according to the diagram. 

Hxamples, 

The N. W. corner of section 5 is designated by B. 

The S. W. comer of section 14 is designated as 14, 15, 22, 23. 

The W. 1^ P. of section 21 is designated as R to C at 3. 

The S. J^ P. of section 8 is designated as I to X at 5. 

The meander corners are designated by the figures 1, 2, 8, etc., 
placed where the section lines strike the meandered stream. 

Remark 1. — At the section corners on the township lines there 
are usually four bearing-trees, at all other corners two trees ; 
those at the quarter posts marked }^ S. At interior section 
comers there are usually four trees marked — one in each section 
cornering there — with the number of the sections in which they 
stand ; but the two bearing-trees may be distinguished by the 
B. T. marked on them near the ground, directly under the other 
marks on said tree. 

N.B. — ^You may have to chop in six inches to find them. 

Remark 2. — On the Pacific coast the lettering of the above diar 
gram would commence with A at the N. £. comer and pass 
around to the left. 
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Remark 3.— I draw the quarter lines and number the quarter 
posts in red ink, and carry a copy of the diagram (double the size 
of this) with my copy of government Field Notes. 



c. D. d. E. 




S. 



R. Q, Q/ra P. 0. 0. nu 



DIAGRAM SHOWING LENGTH OF LINES AS BETURNED BT THE GOTERH- 

MENT DEPUTY SURYETOR (PIG. 7). 

The length of each line from section comer to quarter post is 
returned as }4 ^'^^^f unless otherwise noted on the diagram, ab e, 
etc., are returned as being 20 chains from the nearest quarter 
post, and at the distance noted on the diagram from the nearest 
section corner. 
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The distance of each meander corner (1, 2, 3, 4) from the near- 
est government corner is also noted. 

The length of lines is necessary in order to set the comers ab e, 
etc., and g correctly (see Rule 3), and also in case a section corner 
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becomes obliterated — e.g., if the S. W. comer of section 5 was 
obliterated, the distance 79.60 would be needed in order to set 
said S. W. corner at a proportional distance between the south 
quarter post of section 5 and the south quarter post of section 6. 
(See Rule 7.) 

Remark 1. — This diagram should also give the numbers of the 
lots in the sections made fractional by the' river. 
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. Remark 3. — There is not room enough on one of these pages to 
show a whole township, but the above diagram will show you the 
necessity of carrying such a diagram with you. 



METHOD OF TAKING FIELD NOTES. 

Sec. 22, Town. 23, Range 13. April 15, 1874. 

Milton Stanley, ) Chainmen 
John Sigleb, ) sworn. 

Comm. at N. W. cor. Pine stp. mkd. for cor. (Origl.) Stumps 
of original bearing-trees standing. 

Thence South (ver. 7^) 82.48 chs. Varied East 1.52 chs. Found 
stubs of original B. trees stff. (West quarter post obliterated.) 

Thence East (7-^) 79. 76 chs. Var. South 90 Iks N. E. tree stg. 
S. W. stump stg. (Origl.) (South quarter post obliterated.) 

Comm. at E. }^ P. Origl. trees stg. 

40.08 
Thence West (Q9i^) qq 22 ^^^' S. 23 Iks. 

Comm. at N. ^ P. Ogl. trees stg., but returned distance to 

S. W. tree one link too short. 

40.80 
Thence South (6«-) gj ^ Var. E. 4 Iks. 

At centre of sec. set dark gray boulder 5x6x24, with hole in 

top and broken dishes under it. 

At West U P. light gray boulder 3x5x22. 

At S. W, cor., gray boulder 5x8x18, with hole in top. 

At S. J^ P., gray boulder 8x10x24, with hole in top. 

At % between S. Ji's, gray boulder 6x10x30. 

19 97 
Thence West (7^^) g^^g Var. N. 30 Iks. 

S. % on W. line, limestone 4x6x22, with hole in top. 

% bet. W. }4% flinty boulder 12x12x24, with + on top. 

20.46 
Thence South (6^ 20') ^ gg Hit it. 

W. % on S. line, ^aj boulder 5x6x18, with hole in top. 
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Cen. S. W. Ji ( Tamk. 20 N., 23 E., 19 Iks. 

Ver. 6}4^ i Birch. 10 S., 4 E., 39 Iks. 
Considerable local attraction on this section. 



, KBTHOD OF BECOBDINO A SUBYET. 

Plot and field notes of a survey made in Section 22, in Township 
28 North, of Range 18 East, April 15, 16, and 17, 1874. 
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At 1. Origl. B. trees stg., but returned distance to S. W. tree 
one link too short. 
At 2. Pine stp. mkd. for corner (Origl.) 
At 2. Ogl. stps. stg. and notes correct. 
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At 3. Origl. corner obliterated. 

At 3. (New) Light-gray boulder 3x5x22. 

At 4. Flinty boulder 12x12x24, with + on top. 

At 5. Dark gray boulder 5x6x24, with hole in top and broken 
dishes under it. 

At 6. Origl. trees stg. and notes correct. 

At 7. Gray boulder 6X10X30. 

At 8. Tamk. 20 N., 23 E., 19 Iks. 

At 8. Birch 10 S., 4 E., 39 Iks. 

At 9. Limestone 4x6x22, with hole in top. 

At 10. Stubs of ogl. trees stg. and notes correct. 

At 10. Gray boulder 5x8x18, with hole in top. 

At 11. Gray boulder 5x6x18, with hole in top. 

At 12. Gray boulder 8x10x24, with hole in top. 

At 13. N. E. tree and S. W. stp. stg. Notes correct. 

Milton Stanlet, ) Chammen 
John Sioleb, i sworn. 

Vernier for new comers, 6Ji'®", 

Vernieb Tripod, 

Gowniy Surveyor. 

Remark. — It is necessary that the record of each survey should 
be separate and distinct, in order that when the copy of the re- 
cord of a survey is called for to be used in court there may be 
no uncertainty about it. 



FORM OF COPT OF COUNTY SURVEYOR'S RECORD TO CARBY WITH 

YOU. 

Remark. — The diagram on page 38 represents the S. W. y^ of 
section 22 in 23—13. 

I use "flat-cap" paper 14x17 inches. Put nine sections on 
each side of a sheet, making each forty-acre tract one inch square, 
as in the above. 

This gives considerable space around the edge of the sheet, and 
two sheets will contain a whole township. 
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My reason for using both sides of the paper is that it makes less 
bulk to carry. 

In recording, and in copy of record, I use red ink for number- 
ing corners and for the bearings of lines. 
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FOUR METHODS OF COEEECTING A EANDOM LINE. 

First Method. 

Divide the distance varied by the distance run ; the quotient 
will be the natural tangent of the angle of correction. 

Example, 

Let A B (Pig. 10) be the desired line. 

Commence at A with such a bearing as you guess will hit B. 

At 1, 2, 3 (40 rods apart) set tally-stakes. At39.78chs. you iind 
yourself 50 links too far to the right. Dividing 50 links by 39.78 
chains, you have .0120 (nearly), which is the natural langent of 
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BAG, or the number of links that you have **rua 
wild " on each chain in the length of your line. Look- 
ing in your table of natural tangents, you find that 
the angle B A C is 43'. Set your compass at B. 
Move the vernier 43^ to the left Turn your compass 
till it indicates the bearing with which you started 
from A; then will your compass point towards A. 

At 3, offset 3X. 126=. 378 chains, or 37.8 links. 

At 2, offset 2x.t26=.252 chains, or 25.2 links. 

At 1, offset Ix. 126=. 126 chains, or 12.6 links. 

Kemakk. — If you refer to your traverse-table you 
will see that 40 chains with a bearing of 45' will 
cause you to vary 52 links. This serves as a check 
on the previous calculation. 

Secoiid Method, 

Some survevoi-s would not run the line B A. The 
surveyor would leave his axeman at B and come to 
3, and offset to 3'. He would then let his axeman » 
blaze up to him. If the axeman could not see him, g» 
he (the surveyor) would yell, and let the axeman 
blaze to him by the sound. 

Third Method. 

(See Gillespie^s " Land Surveying," pages 206 and 
284.) 

Multiply distance varied by 57.3, and divide the 
product by the distance run. The quotient will be 
the number of degrees contained in the angle BAG. 

EoMmple, 
50X57.3 

= .7202 degrees 

39.78 60 



Fi-.IO 

B. C 

T 60 Iks. 



■^3' 



48.2120 minutes, the angle of correction. 

Fourth Method, 

Multiply the natural tangent of V (one minute)— 
which is .00029— by the distance run, and divide the 



-3. 



e 
m 



A. 



40 
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distance varied by the product. The quotient will be the numbei 
of miuutes contained in the angle B A 0. 

Example* 
.50 

= 43 minutes, the angle of correction. 

.00029X39.78 

Remark. — I prefer the first method, for the reason that while 
you are finding the angle of correction you find the number of 
links to move tally-stake No. 1, and for the other stakes take mul- 
tiples of that number. 

Remark. — I always "check" my calculation by referring to the 
traverse-table. In tliis case 40 chs. for 45' will give you 53 links. 

B. 

TO FIND THE DISTANCE ACROSS 
A STREAM. 



B^Ol 




A. 



Ist, Without any ealctUa- 
tion. 

In running the line A B you 
reach a stream at C. 

Set a flag on opposite bank at 
a. Then make an offstt f lom C 
to & of any convenient distance 
— e.g. , four or six rods. Take the 
angle a b C, Then turn your 
compass till cbC equals ab c. 
Send a flag back on the line A B 
to c. Measure the distance c C, 
which will equal C a. 

Remark. — The above rule is 
convenient when the bank at C 
is cleared land and level ; but if 
the land is bluffy or bushy the 
following is a better way: 

Bule 2 — Subtract a b C from 
90"**, which will leave b aC, 

Then nat sine of bad nat 
siaQotabCllb C:aC. 
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ioC=14*40'; 80«--(14*- 40')=75» 20' ; C 6=150 links; 
nat sine 14* 40' is S53195 ; nat sine 75* 20' is .967415. 
.253195: .967415 :: 150: 618 

Lat, Dep. 1 
Cheek by traverse-l able, thus: 14J^* 5.81 1.50 f- making by tra- 

WH* 5.80 1.53 ) 
verse-table tor 14* 40' o 



5.806 
Then 


1.53. 




Dep. Kj-Dep. 

1.53:1.50: 


Lat. ajl^t. 
5.806 : 5.73 



Note, — If, onaecount 
of local attraction, the 
bearing from b toC dif- 
fers from the bearing 
from C. to b, move your 
vernier till they agree 
before taking the angle 
abC. 

Third Method. 
Prom C set a flag at 
D and measure an off- 
Prom some point in 
G a measure the offset 
be. 
Then 
ab: aC ■.-.bc-.CD. 
To get the point c lot 
an assistant at a put 
jour flagman in the line 
a D, while you put him 
in the line b e with your 
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Example. 
Let a 6=30 links i b c=70 liaks ; a C=150 links. 
Then 80 : 150 :: 70: 350. 

Fourlh Method. 
From C set a flag 
at e. 

Then ofibet from 
Cioa. 

Run a b parallel 

B with C e. 

^ The distance from 

^a to 4 will equal the 

distance from C to e. 



TION. 

1st Tn low, wet 
land where the litn- 
her is mainly blMck 
ash. [1 almost al 
wajs find local al- 
ti'action where black 
ash grows.] 

3d. Near the edges 
of tamarack swamps. 



and near cedar 



bluffs. 

Remubk.— If you 
sight back from each 
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station you will discover any local attraction that 
may affect your needle, and can guard against it. 

In my early experience in surveying, while running 
a road through a forest, I wanted to strike a certain 
bridge, of whose direction from where 1 stood I was 
uncertain. I sent a man to the bridge to yell; run 
for him as near as I could guess, and missed him four 
or five rods. Found the distance to be about a hun- 
dred rods. Made a calculation for correction and 
run back, and hit the stake from which I had started. 
Felt sure I was all right, but when that hundred rods 
of road was cut out there was a bow in it of two rods. 



•7: 



HOW TO OVERCOME LOCAL ATTRACTION IN RUNNING A 

QUARTER LINE. 

Let A B be a N. and S. quarter line. Commence 
at A with such a variation of the needle as you guess 
will hit B. Set a flag in the line A C at any con- 
venient point denoted by e ; move your compass to e 
and sight back to A. Your compass is then in the 
proper position for setting your flag ahead again. 
Continue this process till you reach a point C op- 
posite B. 

When running the random A C, set a tally-stake 
at 1, which is ten chains or forty rods from A ; then 
set a smaller stake (a) in the line A C, three or four 
rods from 1. Near each tally-stake (denoted by 2, 3, 
4, etc.) set a smaller stake 9,ih cd, etc. 

Then suppose that, after running 79.60 chs., you 
find yourself, not at B, but 69 links too far to the 
right. Dividing .69 by 79.60, you have .00867 as the 
natural tangent of B A C. Looking in your table of 
natural tangents, you find that the angle li AC isSO*. 
You will observe that your needle is of no use to you 
from the time you leave A till you reach C. 

At C you will need to take the bearing of the line 
A C, in order to offset at right angles from C to B. 
While your compass stands in that position move the A. 



c. 
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vernier till the needle points to N. Then measure the offset C B. 
Set your compass at B and move the vernier 30' to the left. Turn 
your compass till the needle points to S., and you can run a straight 
line by back-sights to A ; but at 7 you will want to set that tally- 
stake over 7X. 0867=60. 7 links. 

Set your compass at 7, and turn it towards d. Move the vernier 
till the needle points to N. Then offset 60.7 links to 7'. Set your 
compass at T, move the vernier to the left 30', turn your compass 
till the needle points to S. , and proceed as before. You will prob- 
ably find that the bearing of the line A C varies at each tally-stake ; 
hence you see the necessity of the smaller stakes a, b, e, etc. 

Remark 1. — Of course the same principles would apply in run- 
ning and correcting any random line where there is local attrac- 
tion. 

Remark 2. — When running lines I set a stake in my line every 
40 rods, or oftener if necessary. Some surveyors set them every 
20 rods, and some as often as every 7 rods. 

Remark 3. — If Jacob-staff is used, you must see that it stands 
plumb at each station. Tou can plumb it by looking down the 
standard nearest to you. 

If you strike a large tree or other obstruction, set your compass 
near the tree. Sight back on your line. Move vernier till N. end 
of needle agrees with course you are running. Then set on op- 
posite side of tree and go ahead. 

To find the angle which you need to turn off, in order to run to 
a given point, when you know the latitude and departure of said 
point from the point at which you stand : 

Rule. — Divide the departure by the latitude. The quotient 
will be the natural tangent of the angle required? 

Example. 

Suppose you wish to run to a point that you know to be 60 
rods farther north than you are, and 32 rods farther east than 
you are. Then 32-!- 60 =.5333, and .5333 is nat tan of 28* 5', 
nearly ; you would run N. 28* 5' E. 
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Suppose said point is 60 rods east and 32 rods north of you. 
Then 60-^32=1.875, and 1.875 is nat tan of 61"^ 55', nearly ; 
you would then run N. 61^ 55' E. 

Rbmabk. — This question occurs often in running new roads 
through forests. There are several rules for solving it, but I find 
the above the most convenient. 

You can ** check " in these cases pretty nearly by the traverse- 
table. 

The north end of the needle moves west from eight a.m. to two 
P.M., and then slowly returns. 

The side of a square acre is 3.163^ chs., 208^ feet, 69^ yards, 
nearly 70 paces. 

50x100 yards =1 acre, very nearly. 



TO MEASUBE A LINE FBOM A COBNKB WHICH STANDS IN DEEP WATEB 

WITHOUT GOINQ TO THE COBNBB. 

If you wish to run north or south from such a comer, set your 
compass at the bearing-tree which stands nearest north or south of 
said corner. Change the E. of the given bearing to W., or vice 
versa, as the case may require. With the new bearing measure 
the given number of links from said tree. You will then be due 
north or south of the given corner, and distant double the latitude 
given in your traverse-table for that course. 

If you wish to run east or west from such a comer, set your 
compass at the bearing-tree nearest east or west of said cor- 
ner. Change the S. of the given bearing to N., or vice versa, as 
the case may require. With the new bearing measure the given 
number of links from said tree. You will then be due east or 
west of said corner, and distant double the departure given in 
your traverse-table for that course. 

JExample. 

Pine 24 N. 7^^ E. 69 Iks. } ^ . , , , 

J. Oak 20 S. 441^^ W. 54 Iks. ( ^"™^' '^ ^^^P ^^^^- 
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and the diagram will explain itself. 



Let A be the given corner, 
Let B be the Pine, 
Let C be the J. Oak, 

Remark. — From the above you may easily deduce a rule for es- 
tablishing bearing-trees for an inaccessible corner. 



TO CUT OFF A CERTAIN NUttBER OF ACRES FROM THE SIDE OR END 
OF A FIELD WHOSE CORNERS ARE NOT RIGHT ANGLES. 

1st. When one of the angles is acute and the other obtuse, and 
the lines converge. 

, Fig. le 

I 



a»Area 




c=nat tan o—n&t tan o' x=:- ( & _ y'ja — 2ac) 

Example, 

Let 8 acres, or 80 square chains, be the amount required. 

Let 0=33^^, and o'=\%;^, and 6=20 chs. 

The nat tan of ^^^ is .061163, of 1%^ is .030553. 

Hence 

c=.061163-.080553=.03061 

aJ=-Q3QgjX [20.00-y400.00-(2x80X.03061)] 

35=4.015 chs , width of strip to be cut oflf. 
2d. When one of the angles is acute and the other obtuse, and 
the lines diverge. 
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Tnig.l7 



Vb'H-2ac. 



a = Area 



b. 




c=nat tan o— nat tan o' x=- (__j ^^^2 _^ 2ac) 
8d. When both angles are obtuse. 



a^Aiea. 
b. 




c=nat tan o+nat tan o' x=- (_6-|_ w'j8^2a<j) 

4th. When both angles are acute. 

inig.io 




VTJ 



Z)'-3a-c. 



a."- Area 



5. 




c=nat tan o+nat tan 0' x= -{b — \/¥— %ac) 
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AMOUNT OF ERROR NECESSARY TO VITIATE A SURVEY. 

How far from the point at which a corner ought to stand may a 
corner (set by some previous county surveyor) be, and still be 
allowed to stand as a proper corner? or, in other words, how small 
an error in surveying will vitiate a survey? 

In France, 2}^ feet in measuring 80 rods is the greatest allow- 
able error. 

But I think, taking into consideration the kind of chainmen we 
are obliged to accept, the value of our land, and the obstacles to 
correct measurement which we meet, that if a corner stands with- 
in 3 feet of where it should we ought to recognize it as a valid 
corner. 



HOW TO GARRY YOUR COPY OF THE COUNTY SURVEYOR'S RECORD. 

Carry it in a tube 1}4 inches in diameter and 15 inches long, 
made of harness leather with brass cover, and strapped on your 
back. 

Tliat will be large enough to carry one township -diagram and 
copy of record. 



WHAT BOOKS YOU NEED. 

Yououglitto have Gilleepie's ''Surveying,'' which is fhe most 
complete work on surveying published in our language. For sale 
by W. & L. E. Gurley, Troy, N. Y., or D. Van Nostrand Company, 
23 Murray Street, New York, and any other work on surveying that 
you can afford. 
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CASES OF GREAT DISCREPANCY 

BETWEEN THE GOVERNMENT FIELD NOTES AND THE ACTUAL GOVERN- 
MENT SURVEY. 

Sec. 6, T. 40 N., R. 10 B., Wisconsin. The U. S. Field Notes 
call the east line of this section about J^ ot a, mile long At 
about 80 rods north of the S. E. corner ihe Notes call for the Wis- 
consin River, with meander trees on the south bank. The trees 
are there. At about 40 chains north of the S. E. corner the Notes 
call for the Wisconsin River again, with the quarter post in the 
river. Then for the N. E. corner ^ of a mile farther north, in a 
tamarack swamp. As a matter of fact the north line of the town- 
ship passes along within a few feet of the point at which the E; 
)^ P. of 5 is located, and the J^ of a mile farther north never 
existed except in the imagination of the deputy-surveyor. He had 
made a mistake in running up this tier of sections, and rather 
than go back and correct his mistake he lied % of a mile. 

The east line and the west line of Sec. 5 both strike the town- 
ship line about 20 rods east of the corners set on said line for the 
sections in the next township north. The Field Notes call for 
about \20 rods instead of 20 rods. 

I think this last discrepancy is caused by an error in calcu- 
lating the distance across Catfish Bay, on the south line of section 
85 in this township. 

Sec. 8. T. 89 N., R. 10 E., Wisconsin. The Field Notes caU 
for about %ot a mile between the E. 3^ P. and the N. E. corner 
of this section : but if you go f of a mile north of the E. }^ P. 
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you will find the township line. Then if you wish to see the N. B. 
corner you will have to go more than a hundred rods west. The 
course from the E. J^ P. to the N. E. corner is said to be more 
than 50"^ west of north, 

A part of this discrepancy is caused by the error in calculating 
the distance across Catfish Bay, above mentioned. 

Sec. 14, T. 31 N.. R. 11 E., Wisconsin. If you start at the 
S. W. corner of section 14, and run east 76 rods, and then north 
30 rods, you will find two trees marked for a J^ P. ; but they are 
about 90 rods from where the government Notes say the J^ P. is, 
and do not agree with the Notes in any particular. In a suit tried 
in Circuit Court these trees were ignored, and the J^ P. estab- 
lished equidistant from the section corners. 

Sec. 5, T. 40 N., R. 10 E., Wisconsin. The irregularities of this 
section caused a lawsuit. Four surveyors who were called as wit- 
nesses differed in opinion as follows: A thought the E. line should 
run from the S. E. corner to a point in the township line 121 rods 
E. of the S. E. comer (5) of Sec. 32, 41-10, and that the E. }i P. 
should be on such E. line, and 40 chs. from the S. E. comer. 

B thought the E. line should run from the S. E. corner to the 
M. C. found at 1, and from there to the point on the township 
line adopted by A ; and that the E. 3^ P. should be set at such 
distance from the S. B. corner — measuring on tliis crooked line — 
as would be proportional to the " returned distance " from the 
M. C. at 1 to the N. E. corner. 

C thought the E. line should be nin from the S. E. corner to 
the M. C. found at 1, and the line between these two points pro- 
longed till it reached the Wisconsin River, and the B. J^ P. set 
on this line at 40 chs. from the S. E. corner. 

D agreed with C, except that he would put the ^ P. in the 
river at such distance from each bank as would be proportional to 
the ^ returned distance " between 3 and 4. 

Practically, and in harmony with the theory of the survey of 
this township, D's method is the proper one ; and if the stream 
was not meandered, but 3 and 4 were witness comers instead of 
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meander corners, D's method would be *he correct one. But tech- 
nically there is and can be no E. Ji P. in this case, and the 34 
line should run from the W. ]^ P. parallel with tlie south line of 
the section (because the south line is the base of survey for this 
section) till it strikes the river, and no farther. 

N.B. — The meander corners at 2, 3, and 4 are obliterated. 

The four surveyors and two woodsmen testified to finding the 
N. W. corner (a), the W. J^ P. (*), the S. W. corner (c), and the 
S. E. comer (eQ, and several of them to finding the M. C. at 1 ; 
but the counsel for defendant took the position that this section 
had never been surveyed, and that it must be subdivided pro 
rata, or proportionally; and because of the ignorance on this sub- 
ject that is common to judges, lawyers, and others, it was so de- 
cided, causing the plaintiff to lose at least |800 that was legally 
his due. 

Note. — The E. line of this section should he run from t?ie S. E. 
corner to the river on the line from d to 1 prolonged. See Bil- 
lingsl&y vs. Bates, 30 Ala. 378. Permanent objects such as rivers 
control. See 21 Hoivard (U. S.), 305. 

It is a surveyor's duty to fill all the calls in the deed or patent 
that he possibly can, and in this case he could not very well ignore 
the river, especially as the N. E. corner was obliterated. 

Remark 1 — You will wonder whv A run to x for his N. E. 
comer. The Field Notes say the N. E. corner is 30.24 chs. east 
of the S. E. corner of Sec. 32 in the next township north. 
There is no sign of a corner there (at x), but if the river were not 
called for in the Notes x would be the proper place at which to 
locate the N. E. comer of section 5. 

If the river were not called for a second time B*s survey would 
be correct. 

In all the decisions of the Supreme Courts you will notice that 
whenever a river is mentioned they stick to the river. 

Remark 2. — In considering this case you will probably conclude 
that surveying affords an opportunity for the exercise of skill, re- 
search, judgment, and common sense ; that the ability to run a 
straight line is i^ot sufiicient— you must know where to run it. 
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T. 81 N. R. 11 E. 
Wisconsin. 




The above diagram represents a remarkable case of obliterated 
corners. No sign of a 3^ P. has ever been found on the west side 
of 9, and no sign of a comer at the S. W. corner of 9. At c there 
are two trees marked }^ S , but they do not agree with the Field 
Notes in any particular. About 60 rods west of d are two trees 
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marked }^ S., but they do not agree with the Field Notes in any 
particular, and so are iguoied. I established the S. W. comer of 
9 at 6 by proportional measurement. 




Suppose that a section comer — ey,^ 3, 4, 9, lO—is in a lake, and 
that 1, 3, 5, 6 in the above diagram represent meander or wit- 
ness corners, and that 3 is obliterated. If there was ice on the 
lake tliat 1 could work on, I would establish the section corner in 
the lake at distances proportional to the ** returned" distances 
from 1, 3, 5, and 6, and where a line from such section corner to 
the S. 3^ P. of section 3 struck the lake shore I would re-establish 
the missing corner. 

If there was no ice on the lake, I would run and measure the line 
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1, 2, 4, 5, and re-establish 3 at such distances from 2 and 4 as 
would be proporiional to the " returned" distances of the section 
corner from 1 and 5. 

TFIE BEARING-TREES CALLED FOR IN THE NOTES' 

WILL HOLD. 

Sees. 9 and 10, T. 33 N , R. 10 E., Wisconsin. 

Near the point at which the j^ P. between 9 and 10 should be 
is a hard maple marked ^ S. It is evident the tree was marked 
when the original United States survey was made, but the Notes 
do not call for a maple. About 13 rods south of this marked 
maple is a hemlock and a birch — both marked J^ S. — and they 
agree with the United States Notes in every particuUr, but the 
letters and figures have been partially chopped off a long time 
ago. 

A similar state of affairs exists J^ mile north. Of course the 
trees that agree with the Field Notes will hold. It is supposed 
that the deputy surveyor found he had made a mistake on that 
line ; that he made new corners, and defaced the old ones, but 
forgot to change his Field Notes. 



Technically the 6anA; of a body or stream of water is the line 
wliere vegetation ceases, and the sJwre is the space belween such 
line and low-water mark. See Dunn's '* Land Laws," No. 390. 

The owners of land or lots a<l joining a highway or street own 
to the middle of such highway or street, unless otherwise speci- 
fied in deed. See " Land Laws," Nos. 407 and 408. 

But the owner has no right to place or leave in such highway or 
street any obstruction — not even a wheelbarrow or a wagon. 

The owner of land on the bank of a stream of water owns to the 
middle thread of the curreut — even the Mississippi River, or any 
other meandered stream (except where the tide ebbs and flows) — 
unless otherwise specified in deed. See numerous decisions quot- 
ed in No. 250, '^Land Laws." 

But this gives the owner no right to obstruct navigation. 
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Land bordering on a meandered lake is bounded by low-water 
mark. 

A meander line is not a boundary line. See 7 Wallace (U. S.), 
272, and Jones vs. Soulard, 24 Howard (U. S.), 41 ; also, Kraut vs. 
Crawford, 18 Iowa, and the numerous authorities therein quoted. 

Some men, who ought to know better, hold that some corners 
are less binding than others — e.g., that a 3^ post is not entitled to 
as much consideration as a section corner. The fact is that even 
a witness comer is as really a mmiument as a township corner (a 
witness corner may witness, and thus establish a township cor- 
ner), and a monument will hold the point at which it is placed as 
long as it can be identified. Therefore any government corner is 
entitled to as much consideration as any other government cor- 
ner. 



A witness corner is one that is placed on the bank of a body or 
stream of water when a regular corner would come in the water. 
The field notes show the distance and direction of the regular 
corner from the witness corner. 



WHAT A *• MARKED" LINE IS. 

The United States law says the lines actually run and ma/rhed 
shall be the boundaries. The Instructions direct that the trees 
nearest the line run— even two rods from it, if there are none 
nearer — shall be blazed. These only indicate the proximity of the 
line. The **sight" trees — those which the line actually passes 
through, and are marked with two notches on each side« and are 
called for in the field notes— mark the line. 

Remark. — When you find blazes near or on a line that appear 
to be as old as the survey, it is not certain that they were made by 
the surveyors. Such blazes are often made by hunters, trappers, 
or land hunters. 
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It is a surveyor's duty to retrace the original survey as nearly «s 
possible, to fill or answer as many ** calls " in the deed or patent 
as possible ; hence it is necessary that he have the field notes of 
the original survey. 

Government claims infallibility in its length of line and course 
of line ; hence if your chaining does not agree with the ** returned " 
distance, your chain is held to be too long, or too short, as the 
case may be, and you must resort to proportional measurement. 
From the S. E. corner of section 31, 37-11 Wisconsin to the E. 
Jrf Post it is N. 20^ E. 30.00 chs. ; but the Field Notes say it is 
north 40.00 chs., and it is hM to be north 40.00 chs. 

And yet this is the only practical way to get along, and it rarely 
works any serious harm to any one. It is more important that 
our boundaries be permanent than that they be where they ought 
to have been placed. Want of permanence would result in end- 
less litigation. 



Whenever you write out a "survey bill "for a road or a de- 
scription of land in a deed, renjember that north, south, east, and 
west are too indefinite terms to use in such description or ** survey 
bill." If any of your lines are oh section, quarter, or eighth lines, 
or parallel with or at right angles with such lines, say so. Say 
north on a line, or as the case may be. 

Indefiniteness in description has caused thousands of dollars to 
be spent in litigation. 



Never use the bank of a body of water for a starting-point. 
Establish some monument by which your starting-point can be 
identified 1,000 years hence. 

I know of a city in which the starting-point for surveys is a 
stone in the N. E. corner of a certain well. Suppose the well 
should cave in ? 
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QUESTION YOUR WITNESSES. 

At every established corner see whether the ** bearing-trees" 
are at the course and distance from the corner called for in the 
field notes. I find sometimes that the original stake or post 
has been moved. 

The most notable case of this kind in my experience was as 
follows : I asked the parties for whom I was surveying if they 
knew where the S. E. corner of the section was. " Yes," they 
said, "and it has been surveyed from recently by two different 
surveyors.'' I set my compass at the stake, and turned off the 
angle called for ; but, instead of the compass pointing towards the 
" bearing-tree," it pointed about twenty feet to the left of it. I 
moved my compass to the right, as near as I could guess at the 
proper distance. They said there was no other B. T. there ; but 
1 turned my compass in the direction called for in the field 
notes, and, going into the bushes a short distance, found the 
stump of the other B. T. plainly marked. I then set my com- 
pass at said stump, and, turning off the required angle, measured 
the distance required from the stump to the corner. When the 
man who was helping me measure put his hand to the ground, he 
put it into a hole (covered with grass), and said hole was at the 
proper course and distance from the first B. T. above mentioned. 
Tljey then got the stake, and found that the point, instead of being 
round or square, was wedge-shaped, and that, owing to roots 
around the hole, the stake would not go into it until the notches 
made in the stake by the government surveyor were brought into 
such position as would indicate the distances to the range and 
township lines. They were all satisfied that we had found the 
right spot, although it was more than twenty feet from where we 
found the stake, and they jiad supposed that it stood where the 
government surveyor had placed it. 
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NUMBER OP LINKS YOU WILL VARY 

FROM A GIVEN POINT IN RUNNING 80 CHAINS, FOR EACH MINUTE YOU 
CHANGE YOUR COURSE, FROM 1 TO 60 MINUTES. 
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% or J^ of 80 chains will cause you to vary}4 ^^ /2 ^^ ^^® num- 
ber of links given. 
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NATURAL SINES FOR MINUTES. 
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11*24 
12-18 
13-11 
1405 
14-99 
15-92 
16-86 
17-81 
18-73 

19-67 
20-61 
21-54 
22-48 
23-42 
24-35 
25-29 
26-23 
27-16 
2810 

29-04 
29-97 
30*91 
31-85 
32-78 
33-72 
:)4-66 
35-59 
36-53 
37-47 

38*40 
39*34 
40-28 
41-21 
42-15 
43-09 
44-02 
44-96 
45-90 
46-83 



Dep. 



0-35 
0*70 
1-05 
1-40 
1-75 
2*10 
2*45 
3-80 
3*15 
3*50 

3*85 
4-20 
4-55 
4-90 
5*25 
5*60 
5-95 
6-30 
6-65 
7*00 

7-35 
7-70 
8-05 
8-40 
8-76 
9-11 
9-46 
9-81 
10*16 
10*51 

10*86 
11-21 
11-56 
11-91 
12-26 
12-61 
12-96 
13-31 
13-66 
14-01 

14-36 
14-71 
15*06 
15-41 
15-76 
16-11 
16-4e 
16-81 
1716 
17-51 



Dep. I.at. 



69i Dko. 



43-95 
44-89 
45-82 
46-76 



Dep. 



201 Dbo. 


LaU 


Dqi. 


0*94 


0-35 


1-87 


0-71 


3*81 


1-06 


3-74 


1-43 


4*68 


1-77 


5-61 


»13 


6-55 


8-48 


7-48 


3*83 


8-43 


3-19 


0-35 


3-54 


10-29 


3-90 


11-23 


4-35 


12-16 


4-61 


13-09 


4-96 


14*03 


5-31 


14*96 


5iJ7 


15*00 


6-03 


16*83 


0-38 


17*77 


6-73 


18-70 


7-00 


19-64 


7-44 


20-57 


7-79 


21-51 


8-15 


22-44 


8*50 


23-38 


8*86 


24-31 


9-31 


25-25 


9-57 


26*18 


9-93 


2712 


10*27 


2805 


10-63 


28-99 


10-96 


29-92 


11-34 


30-86 


11-69 


31*79 


18*05 


32*73 


13*40 


33-66 


13*75 


34-60 


13*11 


35-54 


13-46 


36-47 


13-82 


37-41 


14-17 


38-34 


14-53 


39-28 


14-88 


40-21 


15-23 


41-15 


1550 


42-08 


15-94 


4302 


16-30 



87 



16-65 
17*01 
17*36 
17*71 



Lau 



69^ Dko 



1 

9 ' 

3 > 
4 

ft • 

6 K 

I] 

10 



11 
18 
13 
14 
15 
16 
17 
18 
19 
80 

91 
39 
83 
94 
85 
86 
87 
88 
89 
30 

31 
38 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
40 
SO 



a f 



88 



TR A VERSE TlBIr E. 



31 DBS. 



Lau 



0-93 
1-87 
2-80 
3-73 
4-6? 
5-60 
G-54 
7-47 
8-40 
9-34 

10-27 
11-90 
12-14 
13-07 
WHX) 
14-04 
15-87 
16-80 
17-74 
18-67 

19-61 
20-54 
21-47 
22-41 
23-34 
24-27 
25-21 
26-14 
27-07 
a8H)l 

28-94 
29-87 
30-81 
31-74 
32'68 
33-61 
34-54 
35-48 
36-41 
37 34 

38-28 
39-21 
40-14 
4108 
4201 
42-94 
43-88 
44-81 
45-75 
46-08 

Dtp. 



Dep. 



0-36 
0-72 
1-08 
1-43 
1-79 
2-15 
2-51 
2-87 
3-23 
3-58 

3-94 
4-30 
4-66 
502 
5-38 
5-73 
6-09 
6-45 
6-81 
7-17 

7-53 

7-88 

8-24 

8-60 

8-96 

9-32 

9-68 

10-03 

10-39 

10-75 

11-11 
11-47 
11-83 
12-18 
12-54 
12-90 
13-26 
13-62 
13-96 
14-33 

14*09 
15-05 
15-41 
15-77 
16-13 
16-48 
16-84 
17-20 
17-56 
17-92 



LaU 



69 Dee. 



8U DBS. 


LaU 


J>ep. 


0-93 


0*36 


1-86 


0-72 


2-80 


1-09 


373 


1-45 


4-66 


1-81 


5-59 


2-17 


6-52 


2-54 


7-46 


8-90 


8-39 


3-26 


9-32 


3-62 


10-25 


3-99 


1118 


4-3a 


1212 


4-71 


13-05 


5-07 


13-98 


5-44 


14-91 


5-80 


15-84 


616 


16-78 


6-52 


17-71 


6-89 


18-64 


7-25 


19-57 


7-61 


20-50 


7-97 


21-44 


8-34 


22-37 


8-70 


23-30 


906 


24-23 


9-42 


2516 


9-79 


26-10 


10-15 


2703 


10-51 


27-96 


10-87 


28-89 


11-24 


29-82 


11-60 


30-76 


11-96 


31-69 


12-32 


32-62 


12-69 


33-55 


13-05 


34-48 


13-41 


35 42 


13-77 


36-35 


1414 


37-28 


14-50 


38-21 


14-86 


39-14 


1522 


40-08 


15-58 


41-01 


15-95 


41-94 


16-31 


42-87 


16-67 


43-80 


1703 


44-74 


17-40 


45-67 


17-76 


46-60 


1812 


Dep. 


Lat. 1 



68^ Dko. 



Sli 


Des. 


Lat. 


.•>^ 


0-93 


0-37 


1-86 


0-73 


2-79 


1-10 ; 


3-72 


1-47 


4-65 


1-83 


5-58 


2-20 


6-51 


2-57 


7-44 


2-93 


8-37 


3-30 


9-30 


3-67 


10-23 


4-03 


1J17 


4-40 


12-10 


4-76 


13-03 


513 


13-96 


5-50 


14-89 


5-86 


15-82 


6-23 


16-75 


6-60 


17-68 


6-96 


18-61 


7-33 


19-54 


7-70 


20-47 


8-06 


21-40 


8-43 


22-33 


8-80 


23-26 


916 


2419 


9-53 


25-12 


9-90 


26-05 


10-26 


2r>-98 


10-63 


27-91 


11-00 


28-84 


11-36 


29-77 


11-73 


30-70 


12-09 


31-63 


12-46 


32-56 


12-83 


33-50 • 


13-19 


34-43 


13-56 


35-36 


13-93 


36-29 


14-29 


37-22 


14-66 


38-15 


15-03 


39-08 


15-39 


40-01 


15-76 


40-94 


16-13 


41-87 


16-49 


42-80 


16-86 


43-73 


17-23 


44-66 


17-59 


45-59 


17-96 


46 52 


18-33 


Dep. 


r^t. 


68i 


Dko. 



21J Dbo. 



a". ( 



Lau 


I)ep. 


0-93 


0-37 


186 


0-74 


2-79 


111 


3-72 


1-48 


4-64 


1-85 


5-57 


3-32 


6-50 


2-59 


7-43 


2-96 


8-36 


3-34 


9-29 


3-71 


10-22 


4-OP 


11-15 


4-46 


1207 


4-82 


1300 


5-19 


13-93 


5-56 


14-86 


5-93 


15-79 


6-30 


16-78 


6-67 


17-65 


7-04 


18-58 


7-41 


19-50 


7-78 


90^ 


8-15 


21-36 


8-52 


22-29 


8-89 


23-22 


9-28 


2415 


9-63 


2508 


1001 


2601 


10-38 


26-94 


10-75 


27-86 


11-12 


28-79 


11-49 


29-72 


11-86 


30-65 


12-23 


31-58 


12-60 


32-51 


12-97 


33-44 


13-34 


34-37 


13-71 


35-29 


14-08 


36-22 


14-45 


37-15 


14-82 


%08 


1519 


39-01 


15-56 


30-94 


15-93 


40-87 


16-30 


41-80 


16-68 


42-73 


17-05 


43-65 


17-42 


44-58 


17-79 


45-51 


1816 


46-44 


18-53 


Dep. 


LaU 


68i 


Dko. 



21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 

35 

36 
37 
38 
39 
40 

41 
42 
43 

« 

46 

*^ 

48 ( 

« > 
50 . 



s 
a 



TRAYBRSE TABLE. 



89 



88 Dee. 



Lac 



\ 12 



0-93 
1-85 
2-78 
3-71 
4-64 
5-56 
6-49 
7-42 
8-34 
9-27 

10-20 
1113 
1205 
12-96 
13-91 
14-83 
15-76 
l<>-69 
17-68 
18-54 

19-47 
20-40 
21-33 
22-25 

2:M8 
•2411 
2503 
25-96 
26-85) 
27-82 

2P-74 
20-67 
30-60 
31-52 
32-45 
33-38 
34-31 
35-23 
3616 
37*09 

38*01 
38-94 
39-87 
40-80 
41-72 
42-65 
43-58 
44-50 
45-43 
46-36 



Dep. 



Dep. 



0-37 
075 
M2 
1-50 
1-87 
2-25 

3-e2 

3-00 
3-37 
3-75 

418 
4-50 
4-87 
5-34 
5-63 
5-99 
6-37 
6-74 
7-13 
7-49 

7-87 

8-24 

8-62 

8-99 

9-37 

9-74 

10-11 

10-49 

10-H6 

11-24 

li-()l 
11 Oil 
12:W 
12-74 
13IJ 
13-49 
13-86 
14-24 
14-61 
14-98 

15-36 
15-73 
1611 
16-48 
16-86 
17-23 
17-61 
17-98 
18-36 
18-73 



Lat. 



% Dse 



224 I>KO. 



Lat. 



0-93 
1-85 
2-78 
3-70 
4-63 
5-55 
6-48 
7-40 
8-33 
9-26 

10-18 
11-11 
12*03 
13-96 
13*88 
14-81 
15*73 
16-66 
17*50 
18-51 

19*44 
80-36 
21-29 
22-21 
2314 
2406 
24-99 
25-92 
•26-84 
•27-77 

28-69 
29-62 
30-54 
31-47 
32-39 
33-32 
34-24 
:«-17 
36-10 
37-02 

37-95 
38-87 
39-80 
40-72 
41-65 
42-57 
43 50 
44-43 
45-35 
46-28 



Dep. 



0*38 
0-76 
1*14 
1.51 
1-89 
3-27 
3-65 
3-03 
3-41 
3-79 

4*17 
4-54 
4-92 
5*30 
5-68 
6-06 
6*44 
6*88 
7-19 
7-57 

7*95 

8-33 

8-71 

9-09 

9-47 

984 

10-22 

10-60 

10-98 

11-36 

11-74 
1212 
12-50 
12-<f7 
13-25 
13-63 
1401 
14-:i9 
14-77 
1515 

15-.'>2 
15-90 
16-28 
16-66 
17-04 
17-42 
17-H() 
IHI8 
lri-r.5 
18-93 



Dep. Lat 



67i Dbo. 



22^ Dko. 



LaU 



0-98 
1*85 
8-77 
3-70 
4-68 
5-54 
6*47 
7-39 
8*31 
9-94 

10*16 
11-09 
12-01 
12-93 
13-86 
14*78 
15-71 
16*63 
17*55 
18*48 

19*40 
80-33 
31-25 
22-17 
33-10 
3402 
24-94 
35-87 
36-79 
37-73 

38-64 
39-56 
30-49 
31-41 
33-34 
33-26 
34-18 
35-11 
3603 
.36-96 

37-88 
;W-80 
.39-73 
40-65 
41-.'»7 
42.50 
43-42 
44-3.1 
45-27 
46-19 



Dep. 



Dep. 



0-38 
0-77 
1-15 
1-53 
1-91 
3-30 
3-68 
3-06 
3-44 
3-83 

4*31 
4-59 
4*97 
5*36 
5-74 
6-18 
6*51 
6*89 
7*27 
7-05 

804 

8*42 

8-80 

9-18 

9.57 

9-95 

10-33 

10-72 

11-10 

11-48 

11-86 
13*85 
13-63 
13-01 
13-39 
1.3-78 
14-16 
14-54 
14-92 
1.5-31 

15-69 
16-07 
16-46 
16-84 
17-22 
17-f»0 
17-JJ9 
18-37 
18-75 
19-13 



Lat. 



674 Deo- 



333 Dbo. 



Lat. 



0-93 
1*84 
8*77 
3*60 
4-61 
5*53 
6*46 
7*38 
8*30 
9*38 

10*14 
1107 
11-99 
12-91 
13*83 
14*76 
15*68 
16-60 
17-52 
18-44 

19-37 
80*29 
31-21 
32-13 
23-05 
23-98 
24-90 
25-83 
86-74 
87-67 

38-59 
39-51 
30*43 
31*35 
33-38 
33-30 
34-13 
35-04 
35-97 
36*89 

37-81 
38-73 
39-65 
40-58 
41.50 
42-42 
43-34 
44-27 
4519 
4611 



Dep. 



Dep. 



0*39 
0*77 
1*16 
1*55 
1-93 
3-33 
3-71 
3*09 
3*48 
3*87 

4-85 
4-64 
5*03 
5*41 
.5-80 
619 
6-57 
696 
735 
7-73 

8*13 

8*51 

8*89 

9-28 

9-67 

10-05 

10-44 

10-83 

11-21 

11-60 

11-99 
12-37 
12-76 
13-15 
13-53 
13-92 
14-31 
14-70 
15-08 
15-47 

15-86 
16-24 
16-63 
17-02 
17-40 
17-79 
18-lS 
18-56 
18-95 
19-34 



Lau 



1 
8 
3 
4 

5 
6 
7 



31 



( 



32 ( 



33 
34 
35 
36 

37 ( 
38 
39 
40 

11 
12 
13 
44 
15 
46 
47 
48 
40 
50 



67i Dsa 



90 



TRAVERSE TABLE. 



13 Die. 



0^ 
1-84 
2-76 
3*68 
4*60 
5-58 
6-44 
7-36 
8^ 
fhtO 

10-13 
11-05 
11-97 
13-89 
13-81 
14-73 
15-65 
16-57 
17-49 
18-41 

19-33 
30-25 
2117 
23-09 
2301 
23-93 
24-85 
25-77 
26-60 
2762 

28-54 
29-46 
30-38 
31-30 
32-22 
33-14 
34-06 
34-98 
35-90 
36-82 

37-74 
38-66 
39-58 
40-50 
41-42 
42-34 
43-26 
44-18 
4510 
46-03 

Depb 



Dep. 



0-39 
0-78 
1-17 
1-56 
1-95 
8-34 
2-74 
3-13 
3-52 
3-91 

4-30 
4-69 
506 
5-47 
5-86 
6-25 
6-64 
7-03 
7-42 
7-81 

8-31 

8-60 

8-99 

9-38 

9-77 

JJMO 

10-55 

10-94 

11-33 

11-72 

12-11 
12-50 
13-89 
13-28 
13-68 
1407 
14-46 
14-85 
15-24 
15-63 

16K)8 
16-41 

16-80 
17-19 
17-58 
17-97 
18-36 
18-76 
1915 
19-54 

LaU 



334 DBS. 



Lau 



€7 Dse. 



0-92 
1-84 
2-7(. 
3-68 
4-59 
5-51 
6-43 
7-35 
8-27 
9-19 

10-11 
11-03 
11-94 
12-86 
13-78 
14-70 
15-62 
16-54 
17-46 
18-38 

19-29 
80-21 
21-13 
22-05 
28-97 
23-89 
24-81 
25-73 
36-64 
37-56 

28-48 
29-40 
30-32 
31-24 
32-16 
33-08 
3400 
34-91 
35-83 
36-75 

37-67 
3d-59 
39-51 
40-43 
41-35 
42-26 
4318 
4410 
4502 
45-94 

Dep. 



Dep. 



0-39 
0-79 
1-18 
1-58 
1-97 
2-37 
2-76 
316 
3-55 
3-95 

4-34 

4-74 
5-13 
5-53 
5-92 
6-32 
6-71 
7-11 
7-50 
7-89 

8-39 

8-68 

0-06 

9-47 

9-87 

10-36 

10-66 

11-05 

11-45 

11-84 

18-84 
13-63 
13-03 
13-42 
13-82 
14-21 
14-61 
15-00 
15-39 
15-79 

16-18 
16-58 
J6-97 
17-37 
17-76 
18-16 
18-55 
18-95 
19-34 
19-74 

Lat 



33^ Dig. 



Lau 



Dep. 



6CJ Duo. 



0-98 
1-83 
2-75 
367 
4-59 
5-50 
6-42 
7.34 
8-25 
9-17 

10.09 
1100 
11.92 
12-84 
13.76 
14.67 
1559 
16.51 
17.43 
18.34 

19-86 
80.18 
8109 
33-01 
22.93 
23.84 
2476 
25-68 
26-50 
2751 

28-43 
29-35 
30-26 
31-18 
32-10 
3301 
3393 
34-85 
35-77 
36-68 

37-60 
38-52 
3943 
40-35 
41-27 
4218 
4310 
44-02 
44-94 
45-85 

Dep. 



0-40 
0-80 
1-20 
1-59 
1-99 
239 
2-79 
3-19 
3-50 
3-99 

4-30 
4-78 
5-18 
5-58 
5-98 
6-38 
6-78 
7-18 
7-58 
7-97 

8-37 

8-77 

9-17 

9-57 

9-97 

10-37 

10-77 

11-16 

11-56 

11-96 

18-36 
18-76 
13-16 
13-56 
13-96 
14-35 
14-75 
15-15 
15-55 
15-95 

16-35 
16-75 
1715 
17-54 
17-94 
18-34 
18-74 
19-14 
19-54 
19iM 

Lat 



3^ Dee. 



Lau 



G6.\ Deo. 



0-92 
1-83 
2-75 
366 
4-58 
5-49 
6-41 
7-32 
8-24 
9*15 

1007 
10-96 
11-90 
12-81 
13-73 
14-64 
15-56 
16-48 
17-39 
18-31 

19-22 
20-14 
21-05 
21-97 
22-88 
23-80 
24-71 
25-63 
26-54 
87-46 

38-37 
39-89 
30-31 
31-13 
32-04 
32-95 
33-87 
34-78 
35-70 
36-61 

37-53 
38-44 
39-36 
40-27 
41-19 
4210 
43-02 
43-93 

44 B5 

45 77 



Dep. 



Depk 

0-40 
OPl 
1-21 
161 
201 
.42 
3-82 
3-22 
3-62 
4-03 

4-43 
4-83 
5-34 
5-64 
6K)4 
6-44 
6-85 
7-35 
7-65 
8-05 

8-46 

8-86 

9-26 

9-67 

1007 

10-47 

10-87 

11-28 

11-68 

1208 

12-49 
12-89 
13-29 
13-69 
1410 
14-50 
14-90 
15-30 
15-71 
16-11 

16-51 
16-92 
17-32 
17-73 
1813 
18-53 
18-93 
19-33 
19-73 
80-14 



Lac 



[ 



1 
3 
3 

ii 

> 
10 J 

•1< 

12 
13 
14 
15 
16 
17 

^^ / 
19 

20 N 

22 ( 

23 i 

24 ( 

25 < 

26 J 

27 I 

28 ( 

29 ( 

30 ( 

31 } 

32 ( 

33 ( 

34 ( 

35 ( 

36 ( 

37 ( 

38 < 



39 
40 

41 



48 
43 

45 } 



) 



66^ Dbo. 



^x ^^ ^^ '-«• 



46 
47 
48 
49 
50 






TRAVERSE TABLE 



91 





31 
32 
33 
34 
35 
36 
37 
38 
30 
40 

41 
43 

a 

M 
45 
46 

47 
48 
49 
50 



i 
I 



34 Die. 


Lac 


Dtp. 


0-91 


0-41 


1-83 


0-81 


2-74 


1-22 


3-65 


1-63 


4-57 


2-03 


5*48 


2-44 


6-39 


2-85 


7-31 


3-25 


8-22 


3-66 


914 


4-07 


10-05 


4-47 


10*96 


4*88 


11-88 


5-29 


12-79 


5-69 


13-70 


610 


1462 


6-51 


15-53 


6-92 


16-44 


7-32 


17-36 


7*73 


18-27 


8*13 


19-18 


8-54 


2010 


8-95 


21-01 


9-35 


21-93 


9-76 


22-84 


1017 


23-75 


10-58 


24-67 


10-98 


25-58 


11-39 


26-49 


11-80 


27-41 


12-20 


28-32 


12-61 


29-23 


13-Ui 


30-15 


13-43 


31*06 


13-83 


31-97 


14-24 


32*89 


14-64 


33-80 


15*05 


34-71 


15-46 


35-63 


15-86 


36-54 


16-27 


37-46 


16-68 


38-37 


1708 


39-28 


17-49 


40-20 


17-90 


41*11 


18-30 


42-02 


18-71 


42*94 


19-12 


43*85 


19-53 


44-76 


19-93 


45*68 


20-34 


Drp. 


Lau 


661 


Dko. 



34^ Dko. 



LaU 



0-91 
1-82 
2-74 
3-65 
4-56 
5-47 
6-38 
7-29 
8-21 
9-12 

10-03 
10-94 
11-85 
12-76 
13-68 
14-59 
15-50 
16-41 
17-32 
18-24 

19-15 
20-06 
20-U7 
21-88 
22-79 
23-71 
24-62 
25-53 
36-44 
37-35 

38-26 
89-18 
30-09 
31-00 
31-91 
33-82 
33-74 
34-65 
35-56 
36-47 

37-38 
38-29 
39-21 
40-12 
41-03 
41-94 
42-85 
43-76 
44-68 
45-59 



Dtp. 



Dtp, 



0-41 
0-82 
1-23 
1-64 
3-05 
3-46 
3-87 
3-29 
3-70 
4-11 

4-52 
4-93 
5-34 
5-75 
6-16 
6-57 
6-98 
7-39 
7-80 
8-21 

8-63 

904 

9-45 

9-86 

10-27 

10-68 

1109 

11-50 

11-91 

12-32 

12-73 
1314 
13-55 
13-96 
14-38 
J 1-79 
15-20 
15-61 
16-02 
16-43 

16-84 
17-25 
17-66 
1807 
18-48 
18-89 
19-30 
19-71 
20-13 
30-54 



Lau 



9H 



24i Deo. 



Lau 



0-91 
1-82 
2-73 
3-64 
4-55 
5-46 
6-37 
7-28 
819 
9-10 

10-01 
10-92 
11-83 
12-74 
13-65 
14-56 
15-47 
16-38 
17-29 
18-20 

19-11 
20-02 
30-93 
31-84 
32-75 
33-66 
34-57 
35-48 
26-39 
27-30 

28-21 
39-12 
30-03 
30-94 
31-85 
32*76 
33-67 
34-58 
35-49 
36-40 

37*31 
38*22 
39-13 
4004 
40*95 
41-86 
43T7 
43*68 
44*59 
45*50 



Pep. 



0-41 
0-83 
1-34 
1-66 
3-07 
3-49 
2-90 
3-32 
3*73 
4*15 

4*56 

4-98 
5*39 
5*81 
6-22 
6-W 
7-05 
7-46 
7-88 
8-29 

8-71 

9-12 

9-54 

9-95 

10-37 

10-78 

11-20 

11-61 

12-03 

12-44 

12-86 
13-27 
13-68 
14-10 
14-51 
14-93 
15-34 
15-76 
16-17 
16-59 

17-00 
17-42 
17-83 
18-25 
18-66 
19H)8 
19-49 
19-91 
20-32 
20-73 



Dep. Lau 



65^ Deo. 



Ml Deo. 



Lau 



0-91 
1-82 
2-72 
3-63 
4-54 
5-45 
6-36 
7-27 
8-17 
9-08 

9-99 
10-90 
11-81 
12-71 
13-62 
14-53 
15-44 
16-35 
17*25 
18-16 

19-07 
19-98 
20-89 
21-80 
22-70 
23-61 
24-52 
25-43 
36-34 
27-24 

28-15 
29-06 
29-97 
30-88 
31-78 
32-60 
33-60 
34-51 
35-42 
36-33 

37-23 
38-14 
39-05 
39-96 
40-87 
41-77 
42-68 
43-59 
44-50 
45-41 



Dtp, 



Oep. 



0-42 
0-84 
1-36 
1-67 
3-09 
3-51 
3-93 
3-35 
3*77 
4-19 

4-61 
5-03 
5-44 
5-86 
6-28 
6-70 
7-12 
7-54 
7-95 
8-37 

8-79 
9-21 
9-63 
005 
0-47 
0-89 
1-30 
1-72 
2-14 
2-56 

2-98 
3-40 
3-82 
4-23 
4-65 
5-07 
5-49 
5-91 
6-33 
6-75 

716 

7-58 

8-00 

8-42 

8-84 

9-28 

9-68 

20-10 

20-51 

20*93 



Lau 



65i Deo. 



81 
22 
23 
34 
35 
26 
27 
38 
39 
30 

31 
33 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



92 



TKAVBHBE TABLI* 



7 


9SDb«. 1 


1 






LM. 


Dip. 


1 


0-91 


0-49 


i 


1-81 


0-85 


a 


9-72 


1-S7 


4 


3HS3 


1*69 


5 


4-53 


s-u 


6 


5-44 


2-54 


7 


6-34 


2-96 


8 


7-25 


3-38 


9 


8-16 


3-80 


10 


9-06 


4*23 


11 


997 


4*65 


IS 


10-88 


5-07 


13 


11-78 


5-49 


14 


lS-09 


5-92 


15 


13-59 


6-34 


16 


14*50 


6-76 


17 


15-41 


718 


18 


16-31 


7-61 


19 


17-22 


8*03 


90 


18-13 


8-45 


SI 


19K0 


8-87 


n 


19-94 


9-30 


S3 


20*85 


9-72 


94 


21-75 


10-14 


S5 


22-66 


10-57 


S6 


23-56 


10-99 


97 


24-47 


11*41 


98 


25-38 


11-83 


99 


96-28 


12-26 


30 


2719 


12-68 


31 


2810 


1310 


39 


29-00 


13-52 


33 


29-91 


13-95 


34 


30-81 


14-37 


35 


31-72 


14-79 


30 


32-63 


15-21 


37 


33-53 


15-64 


38 


34-44 


1606 


39 


35-35 


16-48 


40 


36-25 


16-90 


II 


3716 


17*33 


4'i 


3806 


17*75 


13 


38-97 


1817 


44 


39-88 


1860 


45 


40-78 


1902 


46 


41-69 


19-44 


47 


42-60 


19-86 


48 


43-50 


90*29 


49 


44-41 


20-71 


50 


45 32 


21 13 


i 


DqK 


Lau 


J 


651 

1 


>to. 



S5iI>M. 



Ijo 



0-90 
1*81 
2-71 
3*62 
4*52 
5-43 
6-33 
7-24 
814 
9-04 

9-95 
10-85 
11-76 
12-66 
13-57 
14-47 
15*38 
16-28 
17-18 
18-09 

ISiW 
19iN) 
20-80 
21-71 
22-61 
23-52 
24-43 
25-32 
26-23 
2713 

28-04 
28-94 
29-85 
30-75 
31-66 
32-56 
33-46 
34*37 
35-27 
36-18 

37-08 
37-99 
38-89 
30-80 
40-70 
41-60 
42-51 
4n-4l 
44-32 
45-22 

Dep. 



0-43 
0*85 
1*23 
1*71 
2-13 
2-56 
2il9 
3-41 
3-84 
4-27 

4-69 
5-12 
5-55 
5-97 
6-40 
6-83 
7-25 
7-68 
810 
8-53 

8-96 
9-38 
9-81 
10-24 
10-66 
11-09 
11-52 
11-94 
12-37 
12-80 

13-22 
13-65 
14-08 
14-50 
14-93 
15-36 
15-78 
16-21 
16-64 
17-06 

17*49 
17-92 
18-34 
18-77 
19-20 
19-62 
20-05 
20-48 
20-90 
21-33 

Lau 



64} Deo. 



SSIDm. 



D■^ 



0-90 
1-81 
S-71 
3HI1 
4-5i 
5-42 
6-32 
7-22 
8-12 

9-aa 

9-93 
10-83 
11-73 
12-64 
13-54 
14-44 
15-34 
16-25 
17-15 
18-05 

18-95 
19-86 
20-76 
21-66 
22-56 
23-47 
24*37 
25-27 
26*17 
27*08 

27*98 
28-88 
29-79 
30-69 
31-59 
32-49 
33-40 
34-30 
35-2'J 
36-10 

3701 
37-91 
38-81 
39-71 
40-62 
41-52 
42-42 

43-:k 

44-23 
4513 

Dep. 



0-43 
0-86 
1*29 
1-72 
2-15 
2-58 
3-01 
3-44 
3-87 
4-31 

4*74 
5-17 
5-60 
6-03 
6-46 
6-89 
7-32 
7-75 
8-18 
8-61 

9K)4 
9-47 
9-90 
10-33 
10-76 
11-19 
11-62 
1205 
12-48 
12-92 

13-35 
13-78 
14-21 
14*64 
1507 
15-50 
15-93 
16-36 
16-79 
17-22 

17-65 
18-08 
18-51 
18-94 
19-37 
19-80 
20 23 
20-66 
21-10 
21-53 

L»u 



(Mi Dko. 



j S5JD... 


Lau 


Dep. 


0-90 


0-43 


1-80 


0-87 


•2-70 


1*30 


3-60 


1-74 


4-50 


2-17 


5-40 


2-61 


6.30 


3-04 


7-21 


3-48 


8-11 


3-91 


9-01 


4-31 


9i»l 


4-78 


10-81 


*21 


11-71 


5*65 


12-61 


6K)8 


13-51 


6-58 


14-41 


wa 


15-31 


7-39 


16-21 


7-88 


17-11 


8-25 


1801 


8*69 


18-91 


9-lS 


19-82 


9-56 


20-72 


9-99 


2162 


10-43 


22-52 


10-86 


23-42 


11-30 


24-32 


11-73 


25-22 


12-16 


26-12 


12-60 


27*02 


13-03 


27-92 


13-47 


28-82 


13-90 


29-72 


14-34 


30-62 


14-77 


31-52 


15-21 


32-43 


15-64 


33-33 


16-07 


34-23 


16-51 


3513 


16-94 


3603 


17-38 


36-03 


17-81 


3r83 


18-25 


38-73 


18-68 


39-63 


19-12 


40-53 


19-55 


41*43 


19-98 


42-33 


20-48 


43-83 


20-85 


44*13 


21-29 


45-03 


21-72 


Dqw 


Uc 


64|] 


Dbo. 



1 

8 

3 

4 
5 

7 

8 

9 

10 

11 
18 
13 
14 
15 

:« 

17 
18 
19 
90 

81 



84 
25 
36 
87 



30 

31 
38 
33 
34 
35 
36 
37 

38 ) 

39 S 

40 ^ 

41 I 

42 ) 

43 ( 

44 \ 

45 i 
4€ { 

« i 

48 • 

49 ( 

50 



} 



TK A V E USI;: TABLE. 



03 



36 Deo. 



Ux. 



1 
S 

3 

4 
5 
6 
7 
8 
9 
10 



( 



11 
13 
13 
14 
15 
16 
I 17 
I 18 
> 19 
) 90 
) 

) 31 
} 32 

23 
) 24 
) 25 

26 
) 27 
) 28 
/ 29 
) 30 

31 
32 
33 
34 
35 
36 
) 37 
38 
39 
40 

41 
43 
43 
44 

45 
46 

47 
48 
49 
50 



) 



0-90 
1-80 
3-70 
3*60 
4-49 
5-39 
6-39 
7-19 
8^ 
81» 

9*80 
10'79 
11-68 
12-58 
13-48 
14-38 
15-28 
16-18 
1708 
17-98 

18-87 
19-77 
30-67 
21-57 
22-47 
23-37 
24-27 
25-17 
26-06 
26-96 

27-86 
28-76 
29-66 
30-56 
31-46 
32-36 
33-36 
34-15 
35-05 
35-95 

36-85 
37-75 
38-65 
39-55 
40-45 
41-34 
42-34 
43-14 
44-04 
44-94 



Dep. 



Dtp. 



0-44 
0-88 
1-33 
1-75 
319 
3-63 
3-07 
3-51 
3-95 
4-38 

4-83 
JrS6 
5-70 
614 
6.58 
7-01 
7-45 
7-89 
8-33 
8-77 

931 
9-64 
10-06 
10-53 
10-96 
11-40 
11-84 
12-27 
12-71 
13-15 

13-50 
14-03 
14-47 
14-90 
15-34 
15-78 
16-33 
16-66 
17-10 
17-53 

17-97 
18-41 
18-85 
19-39 
19-73 
20-17 
20-60 
21-04 
31-48 
31*93 



26^ Dko. 



Lat. 



MDb*. 



I — 



090 
1-79 
3-69 
3-59 
4-48 
5-38 
6-28 
7-17 
8-07 
8117 

9-87 
10-76 
11-66 
13-56 
13-45 
14-35 
15-35 
16*14 
17-04 
17-94 

18-83 
19-73 
20-63 
21-52 
22-42 
23-32 
24-22 
2511 
2601 
36-91 

27-80 
38-70 
29-60 
30-49 
31-39 
33-39 
33-18 
34-06 
3496 
35-87 

36-77 
37-67 
38-57 
39-46 
40-36 
41-26 
4215 
43-U5 
43 95 
44*84 



Dep. 



Dep. 



0-44 
0-88 
1-33 
1-77 
3-31 
3-65 
310 
3-54 
3-98 
4*43 

4-87 
5*31 
5-75 
6-19 
6-63 
7-08 
7-58 
7-96 
8-40 
8-85 

9-39 
9-73 
10-17 
10-61 
1106 
11-50 
11-94 
12-38 
12-83 
13-27 

13-71 
14-15 
14-60 
15-04 
15-48 
15-92 
16-36 
16-81 
17-25 
17-69 

18-13 
18-58 
19*02 
19-46 
19-90 
20*35 
20-79 
21-23 
21-67 
22-11 



Lau 



30^ Dko. 



Lat. 



63^ Dbg. 



0-89 
1-79 
3-68 
3-58 
4-47 
5-37 
6-28 
7-16 
8*05 
fr95 

9*84 
10*74 
11-63 
13-53 
13-43 
14-33 
15-31 
16-11 
17-00 
17-90 

18-79 
19-60 
30-58 
31-48 
32-37 
23-27 
24-16 
2506 
35-95 
26-85 

27-74 
28-64 
29-53 
30-43 
31-32 
32-22 
33-11 
34-01 
34*90 
35-80 

30-69 
37-59 
38-48 
39-38 
40-37 
41-17 
42-06 
42*90 
43-85 
44-75 



Oep. 



Dep. 



0-45 
0*89 
1-34 
1-78 
3-23 
3-68 
3-13 
3*57 
4*03 
4*46 

4-91 

5-35 

5-80 

6-35 

6-60, 

714 

7-50 

8-03 

8-48 

8-93 

9-37 
9-82 
10-36 
10-71 
1115 
11-60 
12-05 
12-49 
12-94 
13-39 

13-83 
14-38 
14-73 
1517 
15-83 
16-06 
16-51 
16-96 
17-40 
17-85 

18-29 
18-74 
19-19 
19-(a 
20-06 
20-5:1 
20-97 
21-42 
21-86 
2-^-31 



Uu 



63i Dko. 



263 


Dbo. 


Lau 


Dep 


0*8S> 


0-45 


1-79 


0-90 


208 


1-35 


3-57 


1-80 


4-46 


3-35 


5-36 


3-70 


6-35 


315 


714 


3-60 


8-04 


4-05 


8-93 


4-50 


9-83 


4-95 


10-73 


5-40 


11-61 


»85 


13-50 


e-30 


13-39 


a'75 


14-39 


7-90 


1518 


7*«5 


1607 


8*10 


16-97 


8*55 


17-86 


9H» 


18-75 


9-45 


19*65 


9-90 


30-54 


10-35 


21-43 


10-80 


22-32 


11-25 


23-23 


11-70 


24-11 


12-15 


35-00 


13*60 


35-90 


13-05 


36-79 


13-50 


37*68 


13-95 


38-58 


14-40 


39-47 


14-85 


30-36 


15-30 


31-35 


15-75 


33-15 


16-30 


33-04 


16-65 


33-93 


17-10 


34-83 


17-55 


35-72 


18-00 


.%-61 


18-45 


37-51 


18-90 


38-40 


19-35 


39-29 


19-80 


40-18 


20-35 


4206 


30-70 


41-97 


21-15 


42-86 


21-60 


43-76 


3205 


44-65 


32-50 


Dep. 


Lau 


m 


Die. 



— f ( 



40 



s^^^j 



94 



tEAVEBSE TABLE. 



f^^^ 




 


9 


97Db». 


I 


Lau 

0*89 


DV. 


1 


0-45 


8 


1-78 


0K)1 


3 


2^ 


1*36 


4 


3-56 


1*82 


5 


4-45 


8-27 


6 


5*35 


8-T2 


7 


6-84 


3*18 


8 


7-13 


3*63 


9 


8KB 


4*09 


10 


9r9i 


4*54 


11 


9-8& 


4-99 


IS 


10*60 


5*45 


13 


11*58 


5-90 


14 


18-47 


6*36 


15 


13-37 


6-81 


16 


14*96 


7-36 


17 


15*15 


7-78 


18 


1604 


8*17 


19 


16-93 


8*63 


90 


17-82 


0-08 


SI 


18*71 


0*53 


83 


19KW 


0-00 


23 


90-49 


10-44 


34 


81-38 


10*90 


25 


22-38 


11-35 


36 


8317 


11-80 


27 


8406 


12-86 


28 


34-95 


13-71 


39 


35-84 


1317 


30 


36-73 


1363 


31 


27*62 


14-07 


32 


88*51 


14-53 


33 


89-40 


14-98 


34 


30-39 


15-44 


35 


31*19 


15-89 


36 


33Ke 


16-34 


37 


33-97 


16-80 


38 


33*86 


17-35 


39 


34-75 


17-71 


40 


35-64 


18-16 


41 


36*53 


18-61 


43 


37^ 


1907 


43 


38-31 


19-53 


44 


39-30 


19-96 


45 


40*10 


80*43 


46 


40*99 


80*88 


47 


41*88 


81*34 


48 


43-77 


31*79 


49 


43-66 


33-85 


50 


44*55 


32*70 


1 


Dn. 


Lau 


1 


631 


!■•. 



S7i Db«. 



0*89 
1-78 
8KJ7 
3-56 
4-45 
5-33 
6-33 
7*11 
8-00 
8*89 

9*78 
10*67 
11-56 
13-45 
13-34 
14-33 
1511 
16-00 
16-81* 
17-78 

18*67 
10*56 
80-45 
81*34 
83-83 
33*11 
84-00 
84*80 
85*78 
86*67 

37*56 
28-45 
29-34 
30-23 
31-12 
3200 
32-89 
33-78 
34-67 
35-56 

36*45 
37*34 
38-23 
39-13 
40*01 
40-89 
41-78 
42-67 
43-56 
44*45 



Uep. 



0*46 
0*98 
1-37 
1-83 
2-29 
2-75 
3-21 
3-66 
4*18 
4*58 

5-04 
5-49 
5-05 
6-41 
6-87 
7-33 
7-78 
8-24 
8-70 
0*16 

0*62 
10*07 
10*53 
10*99 
11-45 
11*90 
13-36 
12-82 
13-28 
13-74 

14-10 
14-65 
15-11 
1557 
1603 
16-48 
1604 
17-40 
17-86 
18-31 

18*77 
19-23 
19-69 
20*15 
20-60 
21-06 
21-52 
21-98 
32-44 
23-80 



Dep. 



Lau 



Dia. 



«7i ] 


DBS 
Dep. 


97» ik» 


Lau 


Lau 


D0p. 


0-80 


0-46 


0-8r' 


047 


1*77 


0^ 


1-77 


0-9i 


8-66 


1-39 


2-65 


i-40 


3*55 


1*85 


3-54 


1-86 


4-44 


3-31 


4-49 


2-33 


5-38 


3-77 


5-31 


2-79 


6*31 


3*33 


6-19 


3-86 


7-10 


369 


7-08 


3-78 


7*98 


4-16 


7-06 


4-19 


8-87 


463 


8-85 


4-66 


9-76 


5*08 


9-73 


5-13 


10-64 


5-54 


10-62 


5-59 


11-53 


600 


11*50 


6-05 


13-43 


6*46 


12-39 


6-52 


13-31 


6*93 


13-27 


6-98 


1419 


7*39 


14-16 


T-45 


15-08 


7*85 


15*04 


:-92 


15*97 


8-31 


15-93 


a-38 


16-85 


8*77 


16-81 


8-85 


17*74 


0-33 


17*70 


9-31 


18-63 


0*70 


18*58 


9-78 


19-51 


J0*16 


10*47 


10-24 


80-40 


1063 


20-35 


10-71 


31-39 


11-08 


21-24 


11-17 


32-18 


11*54 


2212 


11-64 


3306 


12-01 


23-01 


1211 


83-95 


12-47 


23-80 


12-57 


84-84 


12*03 


24-78 


13H)4 


85*78 


13*30 


25-66 


13-50 


9&61 


13-85 


26-55 


13-97 


97-50 


14-31 


27*43 


14-43 


38-38 


14*78 


38-32 


14-90 


39-87 


15-84 


20-20 


15-37 


30-16 


15-70 


3009 


15-83 


31-05 


16-16 


30-97 


16-30 


31-93 


16*62 


31-86 


16-76 


38-83 


17-08 


32-74 


17-23 


33-71 


17-55 


33-63 


1769 


34-59 


18-01 


34-51 


18-16 


35-48 


18-47 


35-40 


18-62 


36*37 


1803 


36-28 


19-09 


37*85 


19-39 


37-17 


19-56 


38*14 


19*86 


38-05 


20^02 


3903 


20*33 


38-94 


20-49 


39-93 


80-78 


39-82 


20-95 


40-80 


31-24 


40-71 


21-42 


41-69 


21-70 


41-59 


21-88 


42-58 


22-16 


42-48 


22-35 


43-46 


22-63 


43-36 


22-82 


44-35 


23*09 


44-25 


23-28 


Depw 


Int. 


Dtp. 


Lat. 




Ds«. 


694 


DBS. 



81 
88 
S3 

84 
25 
26 
87 
38 
39 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
43 
43 
44 

45 
46 
47 

48 

49 



TRAYERSK tAfiLK. 



95 



\ 



S8 Dbo. 



Lat. 



1 

S 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
90 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
' 34 
35 
' 36 
/37 
( 38 
( 39 
. 40 

41 

^ 43 

; 44 

/ 45 
46 

^^ 

) 48 

49 
I 50 

{ 



0-88 
1-77 
2-65 
3-53 
4-41 
5-30 
6-18 
706 
7-95 
8-83 

9-71 
10-60 
11-48 
12-36 
13-24 
14-13 
1501 
15-89 
16-78 
17*66 

18-54 
19-42 
20-31 
21-19 
2207 
22-96 
23-84 
24-72 
25-61 
26-49 

27-37 
28-25 
29-14 
3002 
30-90 
31-79 
32-67 
33-55 
34-43 
35-32 

36-20 
37-08 
37-87 
38-85 
39-73 
40-62 
41*50 
42-38 
43*26 
44-15 



Dep. 



Dep. 



0-47 
0-94 
1-41 
. 1-88 
2-35 
2-82 
3-29 
3-76 
4-23 
4-69 

5-16 
5-63 
6-10 
6-57 
7-04 
7-51 
7-98 
8-45 
8-92 
9-39 

9-86 
10-33 
10-80 
11-27 
11-74 
12-21 
12-68 
13-15 
13-61 
1408 

14-55 
1502 
15*49 
15-96 
16-43 
16-90 
17-37 
17*84 
18*31 
18*78 

19*25 
19-72 
20-19 
20-66 
21-13 
21-60 
2207 
22-53 
2300 
23-47 



LaU 



62 Dbo. 



28| Deo. 



LaU 



0-88 
1-76 
2-64 
3-52 
4-40 
5-29 
617 
7-05 
7-93 
8-81 

9-69 
10-57 
11-45 
12-33 
13-21 
1409 
14-98 
15-86 
16-74 
17-62 

18-50 
19-38 
20-26 
21-14 
22-02 
22-90 
23-78 
24-66 
25-55 
26-43 

27-31 
28-19 
29-07 
29-95 
30-83 
31-71 
32-59 
33-47 
34-35 
35-24 

3612 
3700 
37-88 
38-76 
39-64 
40-52 
41-40 
42-28 
43-16 
44-04 



Dep. 



Dep. 



0-47 
0-95 
1-42 
1.89 
2-37 
2-84 
3-31 
3-79 
4-26 
4-73 

5-21 
5-68 
6-15 
6-63 
7-10 
7-57 
8-05 
8*52 
8*99 
9*47 

9*94 
10*41 
10-89 
11-36 
11-83 
12-31 
12-78 
13-25 
13-73 
14-20 

14-67 
15-15 
15-62 
1609 
16-57 
17-04 
17-51 
17-99 
18-46 
18-93 

19-41 
19-88 
20-35 
20-83 
21-30 
21-77 
22-25 
22-72 
2319 
23-67 



Lac 



28iDBO. 



LaU 



0-88 
1*76 
2-64 
3-52 
4-39 
5-27 
6-15 
7-03 
7-91 
8*79 

9-67 
10*55 
11-42 
12*30 
1318 
14-06 
14-94 
15-82 
16*70 
17*58 

18-46 
19*33 
20*91 
21*09 
21-97 
22-85 
23-73 
24-61 
25-49 
26-36 

27-24 
28-12 
29-00 
29-88 
30-76 
31-64 
.32-52 
33-39 
34-27 
35-15 

36-03 
36-91 
37-79 
38-67 
39-55 
40-43 
41-30 
42-18 
43-06 
43-94 



61} Dbo. 



Dep. 



Dep. 



0-48 

0-95 

1-43 

1-91 

2-39 

2-86 

3-34' 

3-82 

4-29 

4-77 

5-95 
5-73 
6-90 
6-68 
716 
7-63 
8-11 
8*59 
9-07 
9-54 

10-02 
10-50 
10-97 
11-45 
11-93 
12-41 
12-88 
13-36 
13-84 
14-31 

14-79 
15-27 
15-75 
16-22 
16-70 
17-18 
17-65 
1813 
18-61 
19-09 

19-56 
2004 
20-52 
20-99 
21-47 
21-95 
22-43 
22-90 
23-38 
23-86 



Lai 



61i Dbo. 



9^ Dbo. 



LaU 



9-64 
10-59 
11*40 
12*97 
13*15 
14*03 
14*90 
15^ 
16*66 
17*53 

18-41 
19*90 
20-16 
21-04 
21-92 
22-79 
23-67 
24*55 
25*43 
26-30 

27*18 
28*06 
98*93 
29-81 
30*60 
31-56 
39-44 
33*32 
34-19 
35-07 

35-95 
36-89 
37-70 
38-58 
39-45 
40*33 
41-91 
49-06 
42-96 
43*84 



Depi 



Dep. 

0-48 
0-96 
1-44 
1-99 
9-40 
9-89 
3*37 
3*85 
4*33 
4*81 



19*72 
20-20 
20*68 
21*16 
21*64 
22-13 
22-61 
23-09 
23-57 
24*05 



Lau 



614 Dbo. 



96 



TBAVkRIB TABLE. 



f 



»Ds». 



1 

9 
3 
4 
5 
6 
7 
8 
9 
lO 

II 
13 
13 
14 
15 
16 
17 
18 
19 
SO 

31 

33 

33 

34 

; 35 

: 36 

» 27 

) 28 

) 39 

( 30 



31 

S 33 

f 35 
36 
37 
38 

<; 39 
' 40 

41 
43 
43 

( 45 
46 
47 
48 
49 
90 



0«7 
1-75 
3^ 
3-50 
4-37 
5-25 
613 
700 
787 
8-75 

(h63 
10-50 
11-37 
13^ 
13-13 
1399 
14-87 
15-74 
16-63 
17-49 

18-37 
19-24 
20-12 
20-99 
21-87 
32-74 
23-61 
24-49 
35-36 
36-34 

2711 
37-99 
38-86 
39-74 
30-61 
31-49 
32-36 
33-24 
3411 
34*98 

35-86 
36-73 
37-61 
38-48 
39-36 
40-33 
41-11 
41-98 
42-86 
43-73 



Dtp. 



0-48 
0-97 
1-45 
1-94 
3-43 
3-91 
3-39 
3-88 
4-36 
4-85 

5-33 
5-83 
6-30 
6-79 
7-37 
7-76 
8-34 
8-73 
9-31 
9-70 

018 
0-67 
115 
1-64 
213 
2-60 
3-09 
3-57 
4-06 
4-54 

503 
5-51 
6-00 
6-48 
6-97 
7-45 
7-94 
8-43 
8-91 
9*39 



19-88 
20-36 
30-85 
21-33 
21-82 
32-30 
22-79 
%VT, 
23-76 
24 24 

LaU 



61 Db«. 



89iDBe. 



Lau 



0-87 
1-74 
2-62 
3-49 
4-36 
5-33 
611 
7-98 
7-85 
8-72 

9-60 
10-47 
11-34 
15-31 
13-09 
13-96 
14-83 
15-70 
16-58 
17-45 

18-33 
19-19 
30KJ7 
30-94 
81-81 
22-68 
23-56 
24-43 
25-30 
2617 

2705 
27-92 
28-79 
29-66 
30-54 
31-41 
32-28 
33-15 
34-03 
34-90 

35-77 
36-64 
37-52 
38-39 
39 26 
40-13 
4101 
41-88 
42-75 
43-62 

Dep. 



Dtp. 



0-49 
0-98 
1-47 
1-95 
2-44 
2-93 
3-43 
3-91 
440 
4-89 

5-37 
5-86 
6-35 
6-84 
7-33 
7-82 
8-31 
8-80 
9-28 
9-77 

10-26 
10-75 
1124 
11-73 
12-33 
13-70 
13-19 
13-68 
1417 
14-66 

1515 
15-64 
1012 
16-61 
17-10 
17-59 
18-08 
18-57 
19-06 
19-54 

20-03 
20-52 
2101 
21-50 
21-99 
22-48 
22-97 
2345 
23-94 
24-43 

LaU 



60^ DBS. 



39iDB«. 


89iDB«. 


LaL 


Dep. 


Lai. 


Dq,. 


0-87 


0-49 


0-87 


0-50 


1-74 


0-98 


1-74 


0-99 


3-61 


1-48 


3-60 


1-49 


3-48 


1-97 


3-47 


1-98 


4-35 


3-46 


4-34 


3-48 


522 


3-95 


»S1 


3-98 


6-09 


3-45 


6-06 


3-47 


7-96 


3-94 


6-95 


3-97 


7-83 


4-43 


7-81 


4-47 


8-70 


4-93 


&68 


4-96 


9-57 


558 


9-55 


5-46 


10-44 


5-91 


10-43 


5-94 


11-31 


6-40 


11-39 


6-45 


13-18 


6-89 


13-15 


6-95 


13-06 


7-39 


13-03 


7-44 


13-93 


7-88 


14-89 


7-94 


14-80 


8-37 


14-76 


8-44 


15-67 


8-86 


15-63 


8-93 


16-54 


9-36 


16-50 


9-43 


17-41 


9-85 


17-36 


9-93 


18-28 


10-34 


18-33 


10-43 


1915 


10-83 


19-10 


10-93 


3002 


11-33 


30-97 


11-41 


30-89 


11-82 


21-84 


11-91 


31-76 


13-31 


21-70 


13-41 


32-63 


13-80 


23-57 


12-90 


33-50 


13-30 


23-44 


13-40 


34-37 


13-79 


24-31 


13-89 


35-24 


14-38 


25-18 


14-39 


36-11 


14-T7 


26-05 


14-89 


26-^ 


15-27 


26-91 


15-38 


27-85 


15-76 


27-78 


15-88 


28-72 


16-35 


28-65 


16-38 


29 59 


16-74 


39-53 


16-87 


30-46 


17-23 


30-39 


17-37 


31-33 


17-73 


31-96 


17-86 


32-20 


18-22 


3313 


18-36 


3307 


18-71 


32-99 


18-86 


33-94 


19-20 


33-86 


19-35 


34-81 


19-70 


34-73 


19-85 


35-68 


30-19 


35-60 


90-34 


36-55 


30-68 


36-46 


30-84 


37-43 


31-17 


37-33 


31-34 


38-30 


31-67 


38-90 


21-83 


3917 


33-16 


39-07 


33-33 


40-04 


33-65 


39*94 


22-k:^ 


40-91 


2314 


40*81 


3333 


41-78 


23-63 


41*67 


33-83 


42-65 


24-13 


43-54 


24-31 


43-53 


34-62 


43-41 


34-81 


Dep. 


Lac 


Dep. 


LaU 


60i ] 


[)Be. 


60^ J 


[)Be. 



: tp 


30DKe. 


5 






( ? 


Uu 


Dep. 


( 1 


0-87 


0*50 


' !2 


1-73 


1*00 


\ 3 


2-60 


1*50 


4 


3-46 


2*00 


5 


433 


2*50 


( 


5-20 


3*00 


( 7 


6-06 


3*50 


{ 8 


6-93 


400 


( 9 


7-79 


4-50 


) ^^ 


8-66 


5-00 


S 11 


9-53 


5-50 


( 12 


10-39 


600 


( 13 


11-26 


6-50 


S 14 


12-12 


700 


( 15 


12-99 


7-50 


S 16 


13-86 


8-00 


I 17 


14-72 


8-50 


c 18 


15*59 


9-00 


19 


10-45 


9*50 


20 


17-38 


1000 


21 


18-19 


10-50 


> 22 


19*05 


11-00 


( 23 


19-92 


11-50 


( 24 


20-7S 


12-00 


( 25 


21-65 


12-50 


( 20 


22-52 


1300 


I 27 


23-38 


13-50 


! 28 


24-25 


1400 


( 29 


2511 


14*50 


>30 


25-96 


15-00 


> 31 


26*85 


15-50 


( 32 


27*71 


16*00 


33 
34 


28*58 


16-50 


S9>44 


17-00 


35 

^ 37 


30-31 


1T50 


31*18 


18-00 


32-04 


18*50 


/ 38 


32-91 


19-00 


I 39 


33-77 


19-50 


^ 40 


34*64 


20-00 


41 


35*51 


20-50 


' 42 


36*37 


2100 


I 43 
? 44 


3724 


31-50 


3811 


S2-00 


; 45 
) 46 


38-97 


22-50 


39*84 


2300 


c 47 


40-70 


23-5() 


48 


41*57 


2400 


49 


42-44 


24-50 




43-30 


S5-00 


it 
1 


Dtp. 


Lat. 


001 


»KO. 



TRAVERSE TaBLB. 



30i Dig. 



97 



30i 


Dko. 


Lat. 


Dep. 


0-86 


0-50 


1-73 


1-01 


2-59 


1-51 


3-46 


202 


4-32 


2-52 


5*18 


303 


6*05 


3-53 


6-01 


403 


7-77 


4-53 


8-64 


5-04 


9-50 


5-54 


10-37 


6-05 


11-23 


6-55 


12-09 


7*05 


12-96 


7-56 


13-82 


806 


14-69 


8-56 


15-55 


907 


16-41 


9-57 


17*28 


10*08 


1814 


10-58 


19-00 


11*06 


19-87 


11*59 


20-73 


124)9 


21-fiO 


12-50 


22-46 


13*10 


23-32 


13-60 


2419 


1411 


2505 


14-61 


25-92 


1511 


26*78 


15*62 


87*64 


1612 


38-51 


16-62 


29*37 


17*13 


30-23 


17*63 


31-10 


1814 


31-96 


18*64 


33-83 


19-14 


33-69 


19-65 


34-55 


30-15 


35*42 


20-65 


36-28 


2116 


3714 


21-66 


3801 


2217 


38-87 


22-67 


39-74 


2317 


4060 


23-68 


41*46 


24-18 


4333 


24*68 


43-19 


2519 


Dep. 


Lau 


59} ] 


[)bo. 



0-86 
1-72 
2-58 
3-45 
4-31 
5-17 
6-03 
6-89 
7-75 
8-03 

9-48 
10-34 
11-30 
13-06 
13D2 
13-79 
14-65 
15-51 
16-37 
17-23 

18-09 
18-96 
19*82 
20-68 
21-54 
22-40 
23*26 
24-13 
24*99 
25*85 

26*71 
27*57 
28*43 
29*30 
3016 
3102 
31-88 
32-74 
33-60 
34-47 

3^33 
3619 
37*05 
37-91 
38-77 
39-63 
40-50 
41-36 
4222 
4306 

Dep. 



Dep. 



0-51 
1*02 
1*53 
2*03 
3-54 
305 
3*55 
406 
4-57 
5K)6 

5*58 
6*09 
6-60 
7-11 
7-61 
8-12 
8-63 
9-14 
9-64 
10-15 

10-66 
1117 
11*67 
1218 
12-69 
1320 
13-70 
14-21 
14-72 
15*23 

15*73 
16*24 
16-75 
17*26 
17*76 
18-27 
18-78 
19-29 
19-79 
20-30 

20-81 
21-32 
21-82 
22-33 
22-84 
23-35 
23 85 
24-36 
24-87 
25-38 

Lau 



59i Dick 



303 Dko. 



0*86 
1*72 
2-58 
3-44 
4-30 
5-16 
602 
6*88 
7-73 
8 59 

9-45 
10*31 
11*17 
12*03 
12-89 
13-75 
14*61 
15-47 
16*33 
17*19 

.18*05 
18*91 
19-77 
20*63 
21-49 
22-34 
23-20 
24*06 
24-92 
25-78 

86-64 
37-50 
28-36 
29-22 
30*08 
30*94 
31-80 
32-66 
33-52 
34-38 

3524 
36-10 
36*95 
37-81 
38-67 
39-53 
40-39 
41-35 
4211 
43-97 

Dep. 



Dep. 



0-51 
1-02 
1-53 
3-05 
3-56 
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24-05 


36-48 


24-60 


37-31 


25-16 


38-14 


25-72 


38-96 


26-28 


3979 


26-84 


4062 


27-40 


41-45 


27-96 


D.p. 


Lau 


561 


[)Ba. 



34^ Dko. 



Lau 



0-83 
1-65 
2-48 
3-31 
4*13 
4-96 
5-79 
6-61 
7-44 
8-27 

9H» 
9-92 
10-75 
11-57 
12-40 
13-23 
14-05 
14-88 
15-71 
16-53 

17-36 
18-18 
19-01 
19-84 
20-66 
21*49 
22-32 
2314 
23-97 
24-80 

25-62 
26*45 
27-28 
2810 
28-93 
29-76 
30-58 
31-41 
32^ 
33i)6 

33-89 
34*72 
35-54 
36*37 
37-20 
38-02 
38-85 
39-68 
40-50 
41-33 



Dip. 



0-56 
J-13 
1-69 
2-25 
2-81 
3-38 
3-94 
4-50 
5Kr7 
5-63 

619 

6-75 

7-32 

7-88 

8-44 

900 

9-57 

10*13 

10-69 

11-26 

11-82 
12-38 
12-94 
13-51 
14-07 
14-63 
15-20 
15-76 
16-32 
16-88 

17-45 
1801 
18-57 
19-14 
19-70 
20-26 
20-82 
21-39 
21-95 
22-51 

2307 
23-64 
34-20 
24-76 
25-33 
25-89 
26-46 
2701 
27-58 
28-14 



D*p. Lat. 



55} DBS. 



34i Deo. 


34| Deo. 


LU, 


Dep. 


r.at. 


Dep. 


0«i 


0.57 


0*82 


0-57 


1-65 


1*13 


1*64 


114 


2-47 


1-70 


S-46 


1-71 


3-30 


2-27 


3-29 


2-28 


4-12 


2-83 


4-11 


2-85 


4-94 


3-40 


4*93 


3-42 


5-77 


3-96 


5*75 


3*99 


6-59 


4-53 


6-57 


4-56 


7*42 


5-10 


7-39 


5*13 


8*24. 


5-66 


8-22 


5*70 


9-07 


6-23 


9*04 


6*27 


9-89 


6-80 


9-86 


6*84 


10-71 


7-36 


10*68 


7*41 


11*54 


7-93 


11-50 


7*98 


12-36 


8-50 


12-32 


8*55 


1319 


9-06 


1315 


9*12 


14-01 


9-63 


13-97 


9*69 


14-83 


10-20 


14*79 


10*26 


15-66 


10-76 


15*61 


10-83 


16-48 


11*33 


16-43 


11*40 


17*31 


11-89 


17*25 


11*97 


18-13 


12-46 


1806 


12*54 


18-95 


1303 


18-90 


13-11 


19-78 


13-59 


19*72 


13*68 


20-60 


1416 


20*54 


14*25 


21-43 


14-73 


21-36 


14-82 


22-25 


1529 


22*18 


15-39 


2308 


15-86 


23*01 


15-96 


23*90 


16-44 


23*83 


16*53 


24*72 


16-99 


24-65 


17*10 


25*55 


17-56 


25*47 


17*67 


26-37 


18-12 


28-29 


18*24 


27-20 


18*69 


27*11 


18-81 


2802 


19-26 


27-94 


19-38 


28-84 


19-89 


28*76 


19-95 


29-67 


20-39 


29-58 


20*ad 


30*49 


20-96 


30-40 


2109 


31*32 


21-52 


31*22 


21*66 


32*14 


22-09 


32-04 


22*23 


32-97 


22-66 


:«-87 


22-80 


33*79 


23-22 


33 69 


23-37 


34-61 


23-79 


34-51 


23-94 


35-44 


24-36 


35-33 


24-51 


36-26 


24*92 


3»>15 


2508 


37-09 


25*49 


3f.-97 


25-65 


37-91 


26*05 


3780 


26-22 


38*73 


26-62 


38*62 


26-79 


39*56 


27*19 


:J9-44 


27-36 


40-38 


27-75 


40-26 


27-93 


41-21 


28-32 


41-08 


28-50 


Dep. 


Lat. 


Dep. 


Lac 


55i 


Dio. 


SH 


nB«. 




I ^ 
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3 
3 
4 
5 
6 
7 
8 
9 
10 

U 
IS 
13 
14 
15 
16 
17 
18 
19 
90 

SI 
S2 
S3 
34 
35 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 



35Db«. 


35iDBO. 


Lau 


D^ 


Lau 


Dep. 


0-83 


0-57 


0-83 


0-58 


IM 


1.15 


1-63 


115 


246 


1-72 


345 


1-73 


3-28 


3-29 


337 


3.31 


4-10 


3-87 


4-08 


3^ 


4-91 


3-44 


4-90 


346 


5-73 


401 


5-73 


404 


6-55 


4-59 


6-53 


4^ 


7-37 


5-16 


7-35 


5.19 


8*19 


5-74 


8-17 


5.T7 


OOl 


6-31 


8-98 


6.35 


9-83 


6-88 


9-80 


6.93 


10*65 


7-46 


10-62 


7.50 


11-47 


8-03 


11-43 


808 


13-29 


8-60 


12-25 


8.66 


1311 


9-18 


13-07 


9-23 


13-93 


9-75 


13-88 


9.81 


14-74 


10-33 


14-70 


1039 


15-56 


10-90 


15-52 


10.97 


16-38 


11-47 


16-33 


1154 


17-SO 


12-05 


17-15 


12.12 


18-03 


12-62 


17-97 


12.70 


18-84 


1319 


18-78 


13-27 


19-66 


13-77 


19-60 


1385 


30-48 


14-34 


20-42 


14-43 


31-30 


14-91 


21-23 


15-01 


3213 


15-49 


22-05 


15-58 


22*94 


16K)6 


22-87 


16.16 


33-76 


16-63 


23-68 


16-74 


34-57 


17-21 


24-50 


1731 


35-39 


17-78 


25-32 


1789 


26-21 


18-35 


2613 


18.47 


2703 


18-93 


26-95 


1905 


27-85 


19-50 


27-77 


19-62 


28-67 


2008 


28-58 


20-20 


29-49 


20-65 


29-40 


20.78 


30-31 


21-22 


30-22 


21-35 


3113 


21-80 


31-03 


21-93 


31-95 


32-37 


31-85 


22-51 


33-77 


SSiM 


32-67 


23-09 


33-59 


33-52 


33-48 


23-66 


34-40 


34-09 


34-30 


24^ 


35-^ 


34-66 


35-12 


24-82 


36-04 


35-24 


35-93 


25-39 


36-86 


25-81 


36-75 


25-97 


37-68 


36-38 


37-57 


26-55 


38-50 


26-96 


38-38 


27-13 


39-33 


27-53 


39-20 


27-70 


40-14 


38-11 


4002 


28-98 


40-96 


28-68 


40-83 


28-86 


D^ 


Lmiu 


Dep. 


Lau 


551 


)bo. 


541 ] 


Dko. 



35iDBO. 


Lau 


Dep. 


0-81 


0-58 


1-63 


M6 


3-44 


1-74 


3-36 


3'33 


4-07 


3-90 


4*88 


3-48 


5*70 


406 


6-51 


4-65 


7-33 


5-23 


8-14 


5-81 


8-96 


«-30 


9-77 


6-97 


10-58 


7-55 


11-40 


8-13 


12-21 


8-71 


1303 


9-39 


13-84 


9-87 


14-65 


10-45 


15-47 


11-03 


16-28 


11-61 


1710 


13-19 


17-01 


13-78 


18-72 


13-36 


19-54 


13-94 


20-35 


14-53 


2117 


1510 


21-98 


15-68 


22-80 


16-26 


23-61 


16-84 


24-42 


17-42 


25-34 


18-00 


26-05 


18-58 


26-87 


19-16 


27-68 


19-74 


28-49 


20-32 


29-31 


20-91 


30-12 


21-49 


30-94 


22-07 


31-75 


22-65 


32-56 


23-23 


33-38 


23-81 


34-19 


24-39 


35-01 


24-97 


35-83 


25-55 


36-64 


26*13 


37-45 


26-71 


38-26 


27-29 


39-08 


27-87 


39-89 


28*45 


40-71 


29-04 


Dep. 


Lau 


5441 


Deo. 



35iDB». 



Lau 



0-81 
1-62 
2-43 
3-25 
4-06 
4-87 
5-68 
6-49 
7-30 
8-12 

8-93 
9-74 
10*55 
11-36 
12-17 
12-99 
13-80 
14-61 
15-42 
16-33 

17-04 
17-85 
18-67 
19-48 
30-29 
21-10 
21-91 
22-72 
23-54 
24-35 

25-16 
25-97 
26-78 
27-59 
28-41 
29-22 
30H)3 
30-84 
31-65 
32-46 

33-27 
3409 
34-90 
35-71 
36-53 
37-23 
3814 
38-96 
39-77 
40-58 



Dep. 

0-58 
1-17 
1-75 
2-34 
2-93 
3-51 
4-09 
4-67 
5-26 
5-84 

6-43 

7-01 

7-60 

8-18 

8-76 

9-35 

9-93 

10-53 

11-10 

11*68 

13-27 
13-85 
13-44 
1402 
14-61 
15-19 
15-77 
16-36 
16-94 
17*53 

18*11 
18*70 
19-28 
19-86 
30*45 
31-03 
31-62 
22-20 
23-79 
23-37 

33*95 
34-54 
25-13 
35-71 
26-39 
26*88 
87*46 
38*04 
38*63 
39*31 



21 
22 
23 
24 
25 
36 
37 
38 
39 
30 



1«< 



Dip L«U 



54iI>B«. 
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36 Die. 


Liu. 


Dep. 


0*81 


0-59 


1-68 


1-18 


2-43 


1-76 


3-24 


2-35 


405 


2-94 


485 


3-53 


5-66 


411 


6-47 


4-70 


7-98 


5-29 


8-09 


5-88 


8-90 


6-47 


9-71 


705 


10-52 


7-64 


11-33 


8-23 


1214 


8-82 


12-94 


9-40 


J 3-75 


9-9U 


14-50 


10-58 


15-37 


1117 


1(>18 


11-76 


16-99 


12-34 


17-80 


12-93 


18-61 


13-52 


19-42 


14-11 


20-23 


14-69 


21-03 


15-28 


21-84 


15-87 


22-65 


16-46 


23-46 


1705 


24-27 


17-63 


25-08 


18-22 


25-89 


18-81 


26-70 


19-40 


27-51 


19*96 


28-32 


90-57 


29-12 


21-16 


29-93 


21-75 


30-74 


22-34 


31-55 


22-d2 


32-36 


23-51 


3317 


24-10 


33-96 


24-69 


34-79 


25-27 


35*60 


25-86 


36-41 


26*45 


37-21 


27-04 


38-02 


27-63 


38-83 


28-21 


39-64 


28-80 


40-45 


.S-39 


Dtp. 


LaL 


54 ] 


Deo. 



36| Db«. 






0-81 
1-61 
2-42 
3-23 
4-03 
4-84 
5-65 
6-45 
7-26 
8*06 

8-87 
9-68 
10-48 
11-29 
1210 
12-90 
13-71 
14-52 
15-32 
16-13 

16-94 
17*74 
18-55 
19-35 
20-16 
20-97 
21-77 
22-58 
23-39 
2419 

25*00 
25-81 
26-61 
27-42 

28-23 
29-03 
29-84 
30-64 
31-45 
32-26 

33-06 
33-87 
34*68 
35-48 
36*29 
37-10 
37*90 
38*71 
39-52 
40-32 



Dep. 



Dep. 



0*59 
1-18 
1-77 
2*37 
2-96 
3-55 
4-14 
4*73 
5*32 
5-91 

6-50 

710 

7-60 

8-28 

8-87 

9-46 

1005 

10-64 

11-23 

11-83 

13*42 
13-01 
13-60 
14-19 
14-78 
15-37 
15-97 
16-56 
17-15 
17-74 

18-33 
18-92 
19-51 
20-10 
20-70 
21-29 
21-88 
22-47 
2306 
23-65 

24-24 
24*83 
25*43 
96-02 
96*61 
27-20 
27-79 
28-38 
28*97 
29*57 

Lau 



5^ Deo. 



36i Dae. 



LaU 



0-80 
1-61 
2*41 
3-22 
402 
4*82 
5-63 
6-43 
7*23 
8-04 

8*84 
9*65 
10-45 
U-25 
1206 
12-86 
13-67 
14*47 
15*27 
16-06 

16-88 
17-68 
18-49 
19-29 
2010 
20-90 
21-70 
22-51 
23*31 
24-12 

24-92 
25-72 
26-53 
27-33 
2813 
28-94 
29-74 
30-55 
31-35 
32-15 

32*96 
33*76 
34-57 
35-37 
36*17 
36-98 
37*78 
38*59 
39-39 
40*19 



Dep. 



Dep. 



0*59 
1*19 
1-78 
2*38 
2*97 
3*57 
4-16 
4-76 
5-35 
5*95 

6-54 

7-14 

7-73 

8*33 

8*92 

9*52 

10*11 

10*71 

11-30 

11*90 

13*40 
13*09 
13*68 
14*28 
14*87 
15*47 
16-06 
16-65 
17-25 
17-84 

18-44 
19-03 
19-63 
20-22 
20-82 
21-41 
22-01 
22*60 
23-20 
23-79 

24*39 
24*98 
25*58 
96-17 
96-77 
27-36 
27-96 
28-55 
2915 
29-74 

LaU 



53i Dko. 



36| Dko. 


Lau 


Dep. 


0-80 


0-60 


1-60 


1-20 


2*40 


1-79 


3-20 


2-39 


401 


2-99 


4*81 


3-59 


5*61 


4-19 


6*41 


4*79 


7*21 


5-38 


8-01 


5-98 


8*81 


6-56 


9*61 


7-18 


10-42 


7-78 


11*22 


8*38 


1202 


8*97 


12-82 


9-57 


13-62 


10-17 


14-42 


10-7T 


15*22 


11-37 


16*03 


11-97 


16*83 


12-56 


17-63 


13-16 


18-43 


13-76 


19-23 


14-36 


2003 


14-96 


20-83 


15-56 


21-63 


1615 


22-44 


16-75 


23-24 


17*35 


24-04 


17-95 


24-84 


18-55 


25-04 


19*15 


26-44 


19-74 


27-24 


20-34 


28-04 


20-94 


28-85 


21-54 


29-65 


22-14 


30-45 


22-74 


31-25 


23-33 


32-05 


23-93 


32-85 


94*53 


33-65 


25-13 


34-45 


25-73 


35-26 


26-33 


36-06 


26-92 


36-86 


27-52 


37-66 


28-12 


38-46 


28-72 


39-26 


29-32 


40-06 


29-92 


Dep. 


Lai. 


53* 


Dbo. 



1 

9 
3 

4 
5 
6 
7 
8 
9 
10 

11 
19 
13 
14 
15 
16 
17 
18 
19 
90 

91 
22 
93 
24 
25 
26 
27 
Uf* 
29 
30 

31 
39 
33 
34 
35 
36 
37 
38 
39 
40 

41 
49 
43 
44 

45 
46 

47 
48 
49 
50 



104 



TRAYBRtB TABLE. 



37 Db«. 



41 



0« 
1-flO 
S-40 
3*19 
3-99 
4-79 
5-50 
6-39 
7-19 
7iW 

8-78 
9-58 
10-38 
1118 
11-98 
12-78 
13-58 
14-38 
15-17 
151^7 



34-76 
35-56 
36-35 
8715 
37-95 
28-75 
39-55 
30-35 
31-15 
31-95 

32-74 
33-54 
34-34 
35-14 
35-94 
30-74 
37-54 
38-33 
89-13 
39-93 



D«pb 



Dtp. 



(HID 
1-90 
1-81 
3-4J 
3H)1 
3-61 
4-21 
4-81 
5-42 
6H)2 

6-62 

7-22 

7-88 

8-43 

9ia 

9-63 

10-23 

10-83 

11-43 

12-04 



16-77 


12-64 


17-57 


13-24 


18-37 


13-84 


19-17 


14-44 


19-97 


1505 


20-76 


15-65 


21-56 


16-25 


22-36 


16-85 


2316 


17-45 


33-96 


18-05 



18-66 
19-26 
19-86 
20-46 
2106 
21-67 
32-27 
32-87 
33-47 
3407 

34-67 
35-38 
35-88 
36-48 
37-08 
27-68 
38-29 
28-89 
20-49 
30-09 



53 Die. 



k ■^- '"«-' " 



1 37i Deo. 


37i Dbo. 


r.M. 


Dnw 


Lm. 


Dep, 


0-80 


0-61 


079 


IH» 


2-39 


1-21 


1-99 


1-88 


1-82 


3-38 


183 


3-18 


2-42 


3-17 


8-43 


3-98 


3-03 


3-97 


3-04 


4-TB 


3-63 


4-76 


3-65 


557 


4-24 


5-55 


4-36 


6-37 


4-84 


6-35 


4-87 


7-16 


5-45 


714 


5-48 


7-96 


6H)S 


7-93 


6-00 


8-76 


6-66 


8-73 


••70 


9-55 


7-88 


9-58 


7-31 


10-35 


7-87 


10-31 


7-91 


11-14 


8-47 


11-11 


8-52 


11-94 


9-06 


11-90 


9-13 


12-74 


9-68 


1269 


9-74 


13-53 


10-29 


13-49 


10-35 


14-33 


10-90 


14-38 


10-96 


15-12 


11-50 


15-07 


11-57 


15-92 


12-n 


15-87 


12-18 


16-72 


12-71 


16-66 


12-78 


17-51 


1332 


17-45 


13-39 


18-31 


13-92 


18-25 


14-00 


19-10 


14-53 


19-04 


14-61 


19-90 


1513 


19-83 


15-22 


20-70 


15-74 


20-63 


1583 


21-49 


16-34 


21-42 


16-44 


22-29 


10-95 


22-21 


17-05 


33-08 


17-55 


23-01 


17-65 


33-88 


1816 


23-80 


18-96 


34-68 


18-76 


24-50 


18-87 


85-47 


19-37 


25-39 


19-48 


36-37 


19-97 


26-18 


20-09 


37-06 


20-58 


2697 


20-70 


27-86 


2119 


27-77 


21-31 


28-66 


21-79 


28-56 


21-93 


29-45 


22-40 


29-35 


32-53 


30-25 


23-00 


30-15 


3313 


31-04 


23-61 


30-94 


33-74 


31-84 


2421 


31-73 


34-35 


32-64 


24-82 


, 32-53 


24-96 


33-43 


25-42 


33-32 


2557 


34-23 


26-03 


3411 


26-18 


3503 


26-63 


34-91 


26-79 


35-82 


27-24 


35-70 


27-39 


36-62 


27-84 


36-49 


28-00 


3741 


28-45 


37-29 


28-61 


38-21 


2905 


38-06 


29-22 


3900 


29-66 


38-87 


29-83 


39 80 


30-28 


39-67 


30-44 


Dtp. 


Lat. 


Dip. 


Lac 


533 1 


DBS. 


52i ] 


Dbo. 



Jl% Db0. 



fr79 
1*56 
8-37 
3-16 
3il5 
4-74 
5-53 
6-33 
7-12 
7-91 

8-70 
9-49 
10-28 
11-07 
11-86 
12-65 
13-44 
14-23 
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I hij^Bs this is a good place to say that the Surveyor's Guide 
does not pretend to be an exhaustive treatise. 

Its aim is to put you in possession of such facts, laws, prin 
ciples, rules, instructions, and illustrations, in a compact and 
portable form, as thirty years' practice and observation in New 
Hampshire. Ohio, Iowa, Michigan, and Wisconsin, in twenty 
counties, have led the author to conside rraost important, and to 
inform you where you can get more light. 



The GuiDB was in the hands of the publisher before Hodg. 
man's "Manual" was published; otherwise said "Manual" would 
have been recommended as one of the books necessary to complete 
a surveyor's outfit. 



WITNESS CORNER. 

I found a Deputy County surveyoV recently— and he was a 
much better surveyor than his chief — who did not know what a 
*' witness corner" was. He thought it was the quarter post, for 
which it was the witness ; although it w.s nearly 40 rods from 
where the quarter post should be. 

A ''witness corner" differs from a "meander corner" in this 
way : A " meander corner " is set where any line strikes a mean- 
dered body of water. A ** witness corner " is set where any line 
strikes an obstruction (other than a meandered body of water) 
which renders the point at which the next corner should be set 
inaccessible, such as a precipice, a floating bog, a deep pond, or 
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a stream. It is made permaneut by bearing-trees, or otherwise^ 
just as any other corner is ; and its distance from the inaccessible 
comer recorded in the Field Notes. 

The bearings and the comer should be marked W. C. 

Usually, when such an obstruction is passed, a *' witness 
corner" is set where the line leaves the obstruction, and can be 
used in making the subdivisions on that side of the obstruction. 
In order to get the transverse line, running from the inaccessible 
comer, pui-sue the course indicated on page 55 ; or if there is a 
"witness corner" only on one side of the obstruction, the 
"returned" distance from that corner to the inaccessible point 
is held to be the actual distance, and no proportional measure- 
ment is required. See Chan vs. Brandt, Sup. Ct. Minn., N. W. 
Rep., Vol. 47, No. 7, pnge 461. ^^^^ 4^/TyW/^^ fJ- 



KEEPING JACOB- STAFF PERPENDICULAR. 

I find it necessary to emphasize the necessity of keeping the 
Jacob staff plumb in the perpendicular plane of the line you are 
running, as mentioned on page 44, Remark 3. 

Try the following experiment : Lean the top of your staff to 
the right two or three inches. Take your back-sight and a fore- 
sight. Then plumb your staff, and take the same back-sight and 
a foresight. You will find that the fore-sights differ materially. 
It does not matter if the staff leans towards you or from 3'ou 
while taking sight, but it must not lean to the left or the right. 



SUGGESTIONS. 

I would carry an extra blank-book for making calculations, 
and head each calculation with the number of section, town, and 
range, and index it, and when it becomes full, file it away. 

Keep the rwrih end of your compass ahead of you, and read all 
angles from the ruyrth end of the needle. 



The letterfng of the compass is for your convenience — tf.^.. If 
the N. end of the needle reads N. 45* W., you may be sure that 
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the N". end of your compass points N. AiV. If the E. and V/. were 
reversed, you would be liable to orrors in reading angles in a 
cloudy day. 
See explanation in Gurley's ** Manual." 



While it is true that a surveyor cannot establish any lines or 
corners, and if any party objects to his survey the location of 
lines and corners must be decided by the Courts, yet if his 
survey is properly executed, the decision of the Courts will be 
in accordance therewith. 



LENGTH OP TRUE LINE. 

In the ordinary manner of correcting a random line, the offset 
at the end of the random being taken at right angles to the 
random, the true line is longer than the random. 

To find the length of the true line, square the length of the 
random, and the length of the variation or departure ; add these 
squares together, and extract the square root of the sum. 

If random is 80 chains and departure is 10 chains, true line 
will be 80.62+. 

If R. be 80 chains and departure 5 chains, T. L. is 80.156 + 
40 ** ** '* 5 '* ** 40.31 4- 

•'80 •• *' " 1.40" ** 80.012 + 

In ordinary departures, there is no material difference in length 
between the random and the true line. 






A short way of calculating the angle for correcting a random 
line of one mile, or half a mile, is as follows, to wit : 
For one mile, multiply links varied by 43. 
Example— 69 Iks. X 43 = 29.67 minutes. See page 43. 
For half mile, multiply by 86. 
Example — 50 Iks. X 86 = 43 minutes. See page 88. 
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BEARING TREES. 

In preparing bearing-trees for marking, be sure that you take 
off the bark exactly facing the corner. Don't take off any more 
bark than is necessary, as it is liable to injure the tree. 

In making the notch in the lower or B. T. blaze, from which 
to measure the distance to the corner, make a small, neat, clean 
notch, with only two strokes of the axe, — tirst stroke underhanded, 
— so that no water will rest in the notch and rot it. 

I marked a large pine thirty years ago. Fifteen years later I 
had occasion to use the tree to establish a corner. The outside 
of the tree had been burnt so that there were no marks by which 
to identify it, except the notch. 



I know of no exception to the rule that a quarter line must be 
a straight line. Other lines are not usually straight more than 
half a mile. 



HOW TO SUBDIVIDE A SECTION THROUGH WHICH A MEANDERED 

STREAM PASSES. 

The instruction to Govern hilmU Surveyors say: **You will 
meander both banks of a navigable stream." 

** Of a stream not construed to be navigable under the statute, 
but being a well-detined natural artery of internal communica- 
tion, you will meander only one bank — preferably the right 
bank." 

Wliat shall we do about prolonging lines across streams when 
subdividing sections ? Treat the streams as so much land if they 
arts not meandered. If meandered on one side only, still treat 
them as so much land. 

Only that if there be a meander corner on the bank of the river, 
and you wish to sui an eigiith corner between said meander cor- 
ner and the nearest section corner or quarter post on that side of 
the stream, you must set it at a proportional or pro rata distance 
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from tbe meander corner, and the section corner or quarter post 
aforesaid. 
It seems to me a well-established principle that a meander cor- 
ner is as much a monument as any corner; 
hence I cannot understand how any 
surveyor could establish e, in Fig. 23, 
equidistant from the section comer and 
quarter post. 

In this case my measure agrees with 
the * * returned " distance from 6 to J post; 
but from atob the *' returned " distance 
is 27.50, and my measure is 80.00. 

Therefore c should be set 21.81 + 
from a. 

If both sides of the stream are mean- 
dered, I claim that none of the subdi- 
visional lines should cross the stream, — 
that the land on each side of the stream 
should be subdivided as though the land 
on the other side of the stream was a 
large meandered lake. 

The best authority I know of on this 
point is Leven vs. Smith, 7 Porter (Ala.), 
428, and I am not sure that that is suffi- 
cient. But I have the following reasons 
for my opinion: 

1st. That a meander comer makes the 
land on its side of the river independent 
of the land on the other side of the river 
at the meander corner. 

2d. That if the stream is not properly 
located by the U. S. Field Kotes and 
Plats, and the Lots adjoining jt have dif 
ferent areas from the "returned" areas, 
the Lots that are "short" cannot cross the si ream to obtain th( ir 
complement. 
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3d. That the Wolf River in Wisconsin was the limit of surveys 
for ten years. 

The land on the south side of the river in Township 23 North, 
of Range 14 East, was surveyed in 1843, and the land on the 
north side in 1853. 

There were ten years in which any surveying (.subdividing) 
must liave been done without reference to ibe oiber side of the 
stream. But when the Government survey was resumed, that on 
the north side was connected with that on tbe south side. 

Then comes this question, viz. : If in Fig. 23 you are not to 
cross the stream for measurement by which to set c, what was 
the use of running across the stream and setting the quarter 
post? The answer is : To measure from in surveying the lands on 
that side of the stream. 

Then comes this question: What was the use of connecting the 
surveys on the two sides of the stream? Answer: To "check," 
and if necessary correct the surveys connected. 

It seems to me that the whole trend of the Court decisions in 
land cases is in support of this position. 

A part of the act of February 11th, 1805 (see page 8), reads as 
follows, to wit: **But in those portions of the fractional town- 
ships where no such opposite corresponding corners have been, or 
can be, fixed, the boundary lines shall be ascertained by running 
from established corners due north and south, or east and west 
lines, as the case may be, to the water-course, Indian Boundary,* 
etc. (The italics are mine.) 

It seems to me that this sustains my position. I do not know 
of any reason wh}'' they could not cross an Indian boundary into 
the reservation to set "corresponding corners." 

I understand that the Indian boundar3% or water-course, is the 
boundary y and that there is no occasion to cross it for subdi vi- 
sional purposes. 

But as the best surveyors of my acquaintance and the Com- 
missioner General Land Otfice disagree with me on this pointy 
you will probably be safer to subdivide such sections as though 
there were no stream passing through them; except of course that 
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you will make Lots instead of 40's where the diagram shows 
Lots, and take into consideration meander corners, if there are 
any. 

If, however, your method should deprive me of an iron mine, 
I think I could get the Courts to restore it to me. 

You know that sometimes the Commissioner General Land 
Office changes his decision. See pages 22 and 23. 

Suppose the stream is one quarter or one half mile wide, which 
method would you pursue? Suppose it is the boundary between 
two States. What then? 

The Montreal river is the boundary between Wisconsin and 
Michigan, where it is not more than two rods wide. Does the 
rule vary under different circumstances? If so, when does the 
pig become a hog? 

I see no reason why my rule will not apply in all cases, and 
know of no Court decision adverse to it. Still I am dubious as 
to how the Courts would decide. 

It would be easier for all of us who have such sections to sub- 
divide, if they would decide against me. 



LOTS WHERE THE LAKE FAILS TO APPEAB. 

Each of the Lots in Fig. 24 is entitled to a water boundary, if 
it can be found within certain limits. 

There are many cases in Northern Wisconsin and Minnesota 
in which the boundaiies of lakes vary mateiially from the Plats 
and Field Notes; and in some cases lakes are mentioned, map- 
peil, and said to be menndered where there are no lakes. What 
shall we do in such cases? I think the rule is as follows, to witr 
If the Plat, Field Notes, and given area show that the Lot does 
not cross an eighth or sixteenth line, then it cannot cross said 
line unless it can find water before reaching the next line. Eg., 
in Fig. 24, if the lake crosses the E. ^ N. W. i anywhere, then 
Lot 3 is entitled to go to it; but if the lake does not touch the E. 
J N. W. i anywhere, then Lot 3 must stop at the 4 line, and the 
S. E. N. W. belongs to the United States. 
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Lote where the lake fails to appear. 

Fig. 24 




But Lot 2 is represented as reaching south beyond the i line; 
and will therefore take all the laud in S. W. N. E., whether there 
is any lake there or not. 

If there is no lake in the S. W. i, nnd you have a doubt as to 
whether Lot 6 or Lot 7 should be the Lot to extend to the quar- 
ter line, you can decide by the area. Lot G has 35 acres, and 
Lot 7 has 50 acres — showing that Lot 6 is not intended to pass 
the i line, and that Lot 7 is intended to pass. 

In Fig, 24, if there is no intervening lake Lots 2 and 8 will 
meet at the quarter line; and 7 and 9 will extend north to the 
quarter iin^. Lots 3, 4, 5, and 6 will stop at the i lines. 
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The case of Whitney tw, Detroit Lumber Co , Sup. Court Wis., 
N. W. Kep., Vol. 47, No. 7, page 425, decides the buuudary of Lot 
3; and by implication, as I understand, it decides the boundaries 
of all the other lots in Fig. 24, except Lots 1 and 10. If there is 
no lake between 1 and 10, I do not know of any decision that 
will fix the boundary between them. 

If no land were shown north of the lake in 8. E. N. E., I should 
say that Lot 10 covered the whole of that 40, in the absence of 
any lake in that 40. 



DISHONEST SUBYEYS BY XT. 8. SURYEYOBa 

If you can discover the manner in which the U. S. surveyors 
proceeded in subdividing a township, it will help you greatly in 
retracing their lines and finding their corners. I know of several 
cases, in different localities, where they surveyed the land two 
miles square instead of one mile square ; but tbey put in all the 
Field Notes for one mile square— imagined them. 

If you find such a case, you will proceed as though the survey 
had actually been made, and the marks afterwards destroyed by 
fire or otherwise. See pages 18 and 54. 

Often in running E. and W. lines they would only go out one- 
half mile from the section corner, and there establish the quarter 
post. Sometimes they would go east one-half mile and establish 
a quarter post ; then go back to the section corner, and run west 
a half mile, and establish a quarter post ; then go back to the 
section corner, and run on nonh. 

Sometimes, instead of going back to the section corner, they 
would go diagonally through the woods to a point estimated to 
be one-half mile north of the section corner aforesaid, and estab- 
lish a quarter post, and then run on north. 

To illustrate : I was called to survey Section 18, 86-6, E. Wis. 
It was known to be a difficult job — partly because it was made 
fractional by a meandered lake, and the lake only covered about 
half as much land as the U. S. plat showed, and partly because 
the west quarter post, S. W. corner, and south quarter post were 
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8iip|)ose(l to \ye obliterated ; but we — ^myself and assistants — found 
all of them. 

Five different surveyors had worked on this section withiu the 
two years previous, and those who had established the S. W. 
comer had located it 60 to 80 rods north and 20 to 30 rods west 
of where it actually is. 

They had started from the S. E. comer of the section, and run 
west on some small variation about a mile. None of them had 
done any correct work. 

The S. W. comer and south quarter post are more than 30 rods 
further south than the S. E. comer. In running up this tier of 
sections the U. S. surveyors had probably lost a taUy or more. 
When they got up to the S. W. comer of 13, they ran east one- 
half mile and set the quarter post, but went no farther east. 

I found the meander trees on the Wisconsin river 130 rods 
west of the S. W. corner of 13, and ran east. You can see that 
I was thus on the trail of the U. S. surveyors who did the sub- 
dividing of this township ; whereas the S. E. corner of 13 was 
set some four years before the S. W. corner, by the men who ran 
the range line. 



SIGHT-TREES. 

• 

" Sight-trees" are not monuments of distance, though the line 
on which they are said to stand must pass through them, if 
the parties interested so require. Some surveyors have thought 
they could establish an eighth corner from a '* sight-tree" near 
by, or by measuring from a •' sight-tree " on each side of it, and 
setting the corner at a proportional distance from each tree ; but 
the law says that the location of an eighth comer must be gov- 
erned by the corners nearest to it. Thus, in a regular section, an 
eighth comer must be placed equidistant from the section corner 
and quarter post on same line. In an irregular section it must 
be set at a proportional distance from the nearest "meander" or 
other comers on same line. 
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"Sight-trees" are often great aids in re-establishing lost or 
obliterated comers, but do not control distance. 

For pamphlet in relation to ''Restoration of lost or obliterated 
corners," write to the Commissioner General Land Office, Wash- 
ington, D. C. Also circular of June 2d, 1887, in which the case 
on page 22 of Guide is referred to. 



ESTABLISHING CORNERS BT BEARINGS. 

At any corner at which the bearing-trees or stumps are still to 
be found, there are several things to be taken into consideration 
in re-establishing the corner— 6.^., at a quarter post there are two 
trees. You have in the Field Notes the kind of trees, the size of 
trees, their course from the comer, and their distance — eight 
things. If I can get five of the eight to agree with the Notes, I 
re-establish the corner by the five, and call the other three mis- 
takes. Sometimes one of the trees is of a different kind from 
that given in the Field Notes. If the notes agree in other partic- 
ulars with kind of trees, course, and distance, surveyors generally 
ignore the mistake in kind of tree. And so of other discrepan- 
cies. See page 17. 



A CURIOSITY. 

Figs. 25 and 26 are given as an illustration of dishonest work 
by a U. S. surveyor, of a difficult section to subdivide, and of 
intermediate courses. 

The quarter post at 6 is gone (think it was never set), so that 
the south line of the section is straight. 

The variation of the needle on this line was 5°, on the east line 
21^°; and the line a n, which is the west line of the section, so 
far as determining the line h o (quarter line) is concerned, was 
1^°: and so you must run north from h on lli^*', provided there is 
no local attraction at a, b, or c 
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If you take the angles at a and e with an instrument with 
which you can take angles independent of the needle, then the 
angle for the intermeduitc course at 6 is 90^ -|~ ^^ ~~ ^^^ ^^^ ^^^ 

Sec. 20, 36-8 E., 

As returned by U. 8. Surveyor: 




difference between the angles at a and e, 86^"* — 78^" = 13* -s- 2 
= Qy and 90^ + 6J° = 96^°. 

If there was an angle ut b, as there generally is at a quarter 
post, you would have to make allowance for it. 
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To run north from «. The angle at h is 106^^ at d. 63i^ 
106^** - 6Bi' = 43" -s- 2 = 21^% 90° + 214° = 11H% »<>' - 21^ = 
68i*. 



/9^.20, 36-8 E., 

Intermediate course in case of great discrepancy. 

As it is: 




H~~. 



You will notice that the line a n has nothing to do with the 
angle at k. 

Angle at k 911°; at h, l^\ 91i° - 734" = 18% 18° h- 2 = 9°, 
90' + 9° = 99°, 90° - 9' = 81°. 
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YABIATION OF NEEDLE AT C0BNEB8. 

The bearings at a U. 8. quarter post, meander coraer, or 
witness comer were taken with the same variation of the needle 
as the line on which it stands — at a section comer, with the 
Tariation of the line south of the coruer. 

Some surveyors claim that the bearings were taken with the 
magnetic needle. 

But in numerous instances where I have seen the variation of 
the needle given in the U. S. Notes, for the bearings at a quarter 
post, I have found it the same as the line on which it stands. 
The U. S. surveyors used an instrument on which was a vernier 
or "nonius," and there is no reason why they should change that 
to a magnetic reading at every comer or quarter post; and my 
experience through all these years convinces me that they did 
not change it. 

The right bank of a stream is towards your right hand as you 
stand with your face down stream. 

I have been asked whether a Lot lying beside a section line 
ever extends past a quarter post. 1 know of several cases where 
the Lot does extend past the quarter post. 



EXAMPLE ON PAGE 47. 

I have been requested to give a more full solution of the ex- 
ample on page 47. 

X = -^^ X [20- 1^^400 - (2 X 80 X. 08061)] 

.03061 X 80 X 2 = 4.89760 
400 - 4.89760 = 895.1024 + 



-^895.1024+ = 19.8771 + 
20-19.8771 = .1229 + 
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I have never seen any rule in print, before this, by which in 
such cases you could cut off any specified number of acres at the 
first trial. All the books direct you to ** cut and tiy.** 



There are 43,560 square ft. in an acre. Multiply chains and 
links by 66, and you will get feet and decimals of a foot. 

Divide feet by 66, and you will get chains and decimals of a 
cbain, or links. 



ANOTHER WAT OF GALCULATINa THE DISTANCE ACBOSS A 8TBSAM. 

BEE PAGE 40. 

Multiply Nat. Co. Tangent of d, a, C, by C, ft = a, 0. 

3.820828 X 150 = 6.73. 
It is well to use more than one method, each being a ' ' check " 
on the other. 



CORRECTION LINE. 

The quarter post and eighth posts on the north side of a sec- 
tion which lies adjoining to and on the south side of a " Correction 
Line ** must be set in said " Correction Line," although said line 
may not be a straight line from the N. E. comer to the N. W. cor- 
ner of said section; but the measurements to get said quarter and 
eighth corners must be made on said straight line, and then offset 
into the ** Correction Line." 



FLAGS FOB F0LE8. 

Take a strip of strong white cloth 6 inches wide and 10 oi- 
ls inches long. On one side of this sew two strips of while 
cloth and one of blue, each 2 inches wide, placing the blue strip 
in the middle. On another strip of white cloth, same size us 
first, sew two strips of red cloth and one of white, the white in 
the middle. Sew strings to each flag at each end 2 inches apart. 
Fasten the flags to one pole — the flag with blue strip below the 
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Other, and the top of the top flag about li feet below the top of 
the pole. Flag the other pole in the same way. 

I have a light wire staple 1^ inches long across the pole about 
1^ feet from the top, another about 2 feet lower, and another mid* 
way between the two, to keep flags from slipping 



CHAIN. 



The plan given for doing up chain on page 29 is very conven- 
ient for carrying in your hand or slipping your Jacob-staff 
through, and carrying it on your shoulder. But if you wish a 
more compact form, take the end link in your left band, palm 
up, with the end of the link to your left. Then take in succession 
the third, fifth, etc., link in your right hand, and lay them suc- 
cessively on the first link, inclining the outer end of each link a 
little more towards your body than the previous one. The links 
will then lie, not parallel with each other, but in such position 
that the ends of the bundle will be larger than the middle. Then 
you can wind a strap or string around the middle of the bundle 
without bending your links, and the strap will not slip off. 



NECESSITY OF ACCUBATB MEA6UBEMENT. 

A gentleman refused to sell a piece of land in Brooklyn for as 
many 20-dollar gold pieces as would stand on it on their edges. 



If a tree happens to stand where the comer-post ought to set, it 
is marked for the corner by the U. S. surveyor. 

Sometimes inexperienced men mistake such a tree for a beaiiog- 
tree. 



HOW I HAVE FOX7ND COBNEB8. 



Last spring I wanted the E. i P. of section 80, 89—5 Wis. 
Two birch-trees were called for. No marked birch-trees were 
standing near where the comer ought to be. But I found a birch 
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bark shell on tbe ground, and on one side of it a piece of the 
wood, about 2 by 6 inches, on which was i S. From that I 
found the stumps ( f both trees (rotted down to the ground) and 
located the quarter post. Some suiTcyor had been there the 
previous winter when the snow was on the ground, and sub- 
divided the section; but he had not found this quarter post, and 
had established a new one 13 rods S. W. of the true one, and 
worked from it, and thus caused his employers much trouble and 
expense. 

On the same trip, and a mile or two N. E. of above, I had the 
following experience with a section corner. The bearings were 
two Norway pines — one said to be N". 4 W. about 17 rods, and 
Ihe other S. 3 W. about the same distance. I found the trees only 
about 2 rods apart, instead of 30 rods. After reflecting, conjee- 
luring, and experimenting awhile, I found the corner stake lying 
down and buried in the moss on a hay marsh, and the hole that it 
^rigiually stood in, about 17 rods east of the trees. Each of the 
courses needed 80° added — making them 88 and 84. 

I once ran West from the S. E. comer of a section one-half 
mile, and looked for the i post, but did not And it. Then ran 
South from the N. i post, and came out at the same place. Que 
of the bearings was a black ash 12 inches and the other a cheriy 
6 inches in diameter. But the timber was all down and more or 
less burnt. Finally, I thought I would try one of the ash stumps 
3 or 4 inches high. I set my compass near it and measured the 
distance and direction called for, and found a hole. Set the com- 
pass in the hole, and measured the direction and distance calied 
for, and found the cherry, about 4 feet high, burned black, stand 
ing by a large log and looking like a limb of the log. 

These cases may suggest ways for you to find corners. 

Lost corners will test a man's skill, ingenuity, patience, and 
mother- wit. 



In surveying highways, establish enough permanent monu- 
ments to enable any future survey or to retrace your lines with 
certainty, and without difficulty. 
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YABIATION OF SEBDLB AT COBNEBS. 

The bearings at a U. S. quarter post, meander comer, or 
witness comer were taken with the same variation of the needle 
as the line on which it stands — at a section comer, with the 
rariation of the line south of the corner. 

Some surveyors claim that the bearings were taken with the 
magnetic needle. 

But in numerous instances where I have seen the variation of 
the needle given in the U. S. Notes, for the bearings at a quarter 
post, I have found it the same as the line on which it stands. 
The U. S. surveyors used an instrument on which was a vernier 
or "nonius," and there is no reason why they should change that 
to a magnetic reading at every comer or quarter post; and my 
experience through all these years convinces me that they did 
not change it. 

The right bank of a stream is towards your right hand as you 
stand with your face down stream. 



I have been asked whether a Lot lying beside a section line 
ever extends past a quarter post. 1 know of several cases where 
the Lot does extend past the quarter post. 



EXAMFIiB ON FAGS 47. 

I have been requested to give a more full solution of the ex- 
ample on page 47. 



x = 



X [20 - |/400 - (3 X 80 X .03061)] 



.03061 

.03061 X 80 X 2 = 4.89760 
400 - 4.89760 = 395.1024 + 



4/395I024 + = 19.8771 + 
20-19.8771 = .1229 + 
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RIPARIAN RIGHTS. 



BiPABiAN is from the latiii word Bipa, meaning bankj hence bank 
rights, or rights acoruing from ownership of bank. 

A person who owns land on the bank of a stream or pond, or 
lake, owns two kinds of property— the land for which he paid a 
certain price per acre, and certain rights as to the nse of the water, 
and the land nnder the water, in front of or adjoining the land 
which he holds in fee simple. 

He has the right to build wharves, piers, booms, &c., in front 
of or adjoining his land, so long as he does not interfere with nayi- 
gation. 

He has the ezdnsiye right to moor yessels or rafts during 
winter on his own water front ; also to cut ice, and in case the 
water recedes, and partially or wholly uncovers the land, such land 
belongs to the owner of the adjoining bank; and so also does accre- 
tion of alluvion, or alluvium ; and where there are several adjoining 
riparian owners their riparian property must be divided in ac- 
cordance with the decisions of the courts. 

Islands between the bank and the middle of the stream — even in 
the Mississippi Biver — are the Riparian property of the owner of 
the bank. Middletonv. Prichard, 3 Scam. (111.) 510. 
Jones y. Soulard, 24 How. (U. S.) 41. 

But the role is the reverse when applied to ponds or lakes. 
Here the water's edge is the boundary, so far as islands are con- 
cerned. 5 Wend., 447 9th N. H., 463. 

Grants by the United States of lands bounded by lakes and streams 
are to be construed and given effect according to the law of the 
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State in which the lands lie ; and each State determines for itself 
to what extent it will retain and exercise its prerogatiye over lands 
under such streams and bodies of water. 

Hardin v. Jordan, 140 (U. S.) 311. 

11 Snp. Cty 808, 836. 

McLellan t. Prentice, 85 Wis. P. 427. 

Hence it is necessary for a surveyor to understand the law of 
the State in which he is working when surveying riparian property. 
In Wisconsin lands bordering on lakes or ponds are bounded by 
the water (bnt still have certain riparian rights ; e. g. see K. P. Lu 
Ck). V. Bigelow, 84th Wis. 157), and lands bordering on streams are 
bounded by the middle thread of the stream — measuring from 
ordinary low water mark. 

Neepee Nauk Club. v. Wilson, et oL 
N. W. Rep., VoL 71, P. 661. 

Any person has a right to fish or hunt on any lake in Wiscon- 
sin. Ibid 

Chief Justice Gooley, of Michigan, says: (Hodgman's TVr<^-Ti^ii^l, 
P. 323.) '* The troublesome questions for surveyors present them- 
selves when the boundaiy line between two contiguous estates is to 
be continued from the meander line to the center line of the rivar. 
Of course, the original survey supposes that each purchaser of land 
in the stream has a water front of the length shown by the field 
notes ; and it is presumable that he bought this particular land 
because of that fact. In many cases it now happens that the 
meander line is left some distance from the shore by the gradual 
change of course of the stream or diminution of the flow of water. 

Now the dividing line between two government subdivisions 
might strike the meander line at right angles, or obliquely ; and, in 
some cases, if it were continued in the same direction to the center 
line of ihe river, might cut off from the water one of the subdivi- 
sions entirely, or at least cut it from any privilege of navigation or 
other valuable use of the water, while the others might have a water 
j^nt much greater than the len^h of the line crossing it at right 
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angles to its side lines. The effect might be that of two government 
subdivisions of equal size and cost, one would be of very great value 
as water front property, and the other comparatively valueless. 

A rule which would produce this result would not be just, and 
it has not been recognized in the law. 

Nevertheless it is not easy to determine what ought to be the 
correct rule for every case. If the river has a straight course, or 
one nearly so, every man's equity will be preserved by this rule, as 
follows : Extend the line of division between the two parcels from 
the meander lino to the center line of the river, as nearly as possible 
at right angles to the general course of the river at that point. 
This will preserve to each man the water front which the field notes 
indicated, except as changes in the water may have effected it, and 
the only inconvenience will be that the division line between differ- 
ent subdivisions is likely to be more or less deflected where it 
strikes the meander line. 

This is the legal rule and is not limited to government surveys, 
but applies as well to water lots which appear as such on town 
plats. See Bay City Gas Light Go. v. The Industrial Works, 28 
Mich. Beports, 182. It often happens therefore, that the lines of 
city lots bounded on navigable streams are deflected as they strike 
the bank, or the line where the bank was when the town was first 
laid out. 

When the stream is very crooked, and especially if there are 
short bends so that the foregoing rule is incapable of strict appli- 
cation, it is sometimes very difficult to determine what shall be 
done ; and in many cases the surveyor may be under the necessity 
of working out a rule for himself. Of course his actions cannot be 
conclusive ; but if he adopts one that follows as nearly as the cir- 
cumstances will admit the general rule above indicated, so as to 
divide as near as may be the bed of the stream among the adjoin, 
ing owners in proportion to their lines upon the shore, his division, 
being that of an expert made upon the ground and with all the 
available lights, is likely to be adopted as law for the case. 

^'Each riparian lot pwn^r ought to have a line on the legal 
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boundary ; namely, the center line of the stream, proportional ic 
the length of his line on the shore." 

'* The ioe crop, which forms over a man*s riparian property, of 
course belongs to him." 

Lorman y. Benson, 8 Mich. 18. 

People's Ice Go. v. Steamer Excelcior. 

The plat below represents the case of Northern Fine Land Go. v. 
B'gelow, etc., 84 Wis. Page 157. The riparian property in this case 
was valuable because the water between the shore ]ine and the enter 



N 
Township Line 




line was shallow enough to allow spiles to be driven. They could 
be *'decktd" over and the space used for piling lumber. The 
court held that the party who owned the shore line from B to G was 
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entitled to such a proportion of the line D E F, as B C is of A B C, 
or CA B G is to B C as D E F is to DE), and that their line in the 
water was from B to K 



DECISIONS— RIPABIAN RIGHTS. 

'*The rule in surveying boundaries defined by streams or other 
waters is to follow the stream or body of water— crossing the mouth 
of affluents or other inlets from heajdUmd to Tieadland" 

City of Oakland v. Oakland Water-Front Co. (CaL 1897) 
60 P. 277. 

" The dividing line between two wharf lots on a concave shore 
being established by acquiescence, to a certain point below high- 
water mark, division from there to the channel is a line drawn 
from such point perpendicular to a straight line drawn across the 
mouth of the bend on which the lots are situated.** 
Lowndes v. Wicks (Conn.), 36 A., 1072. 

^'In a suit to determine the boundaries of the respective por- 
tions of the flats lying between the shore line and the Hne of navi- 
gabihty, to which riparian owners were entitled, it appeared that 
the line of navigability formed two sides of a right angled triangle, 
of which the shore line was the hypolhemus. 

Held, that the line of navigability should be subdivided and 
apportioned among them in the same proportions that the portions 
of the shore line owned by each bore to the whole shore hne ; and 
that each owner was entitled to such portion of the flats as would 
be bounded by lines drawn from the termini of his portion of the 
line of navigability to the termini of his pprtion of the shore line ; 
and that the entire line of navigability and not merely one side of 



8 THE SURVEYOR'S GUIDE. 

the triangle, most be apportioned irrespectiye of the fact that one 
part was less yaluable than another.'' 

Groner v. Foster (Va.), 27 S. E. 493. 

** A conTeyanoe of platted lots which are situated npon the 
bank of a navigable stream, no part of the bed being platted, in- 
olndes all the riparian rights of the grantor in front of said lots to 
the center of the stream, although such stream is not mentioned in 
the conveyance. To exclude such rights they should be reserved or 
excepted in the deed/' 

Head v. Ohesbrough (Com. PL), 4 Ohio N. P., 73. 

''One who erects a pier in front of his upland, on lands tinder 
water granted him by the State, acquires no exclusive rights to 
waters in front of adjacent properties ; hence he cannot enjoin the 
erection, otherwise lawful, of a pier which will cut off a side ap- 
proach to his pier." 

Jenks V. Miller (Sup.), 43 N. Z., 3, 927. 

*< The description is a conveyance of land running to a stake on 
a river bank, thence up the river to a sycamore on its bank, passes 
title to the thread of the stream, and carries with it all accretions to 
the land conveyed.'* 

Runion v. Alley (Ky.), 39 S. W., 849. 

The above are a few of the many decisions on this subject ; 
but I think they are fair samples. 

I have seen a decision that the words ''along the bank" ex- 
cluded riparian rights, I suppose the words " along the stream," or 
'' along the shore," would not have excluded them; because the 
'* shore " reaches the waters and the * ' bank " does not. 

A "bank" is the continuous margin where vegetation ceases. 

A "shore" is the space between the "bank" and ^ow water 
mark. McGullaugh v. Wainwright, 14 Penn. St., 59. 

Shore m^ strasd are synonymous. 
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In order that there may be no doubt as to the intention of the 
parties in a transfer of land it may be well to insert in the deed 
the words with Riparian Bights, or except Biparian Bights, as the 
parties may desire or agree. 

The boundary line of the riparian property is seldom a pro. 
longation of the boundary line of the land on the bank ; but is of- 
ten much deflected. 



A LITTLE MORE ABOUT MEANDEB C0BNEB8. 

Tou will see in the Northern Pine Land Go. y. Bigelow, &c., 
that a meander corner is a comer of two kinds of property, namely : 
the government let, which is paid for at so much per acre ; and the 
riparian property, which is not paid for, but accrues by reason of 
ownership of the bank ; and the riparian property may be the more 
valuable. You see how important a meander comer becomes in 
this case. 

A meander comer is always the comer of these two kinds of 
property. 

In a letter to E. J. Goodrick, of Oshkosh, Wis. , dated Jan. 5th, 
1900 ; the Commissioner of the General Land Office recognized a 
meander comer as a point from from which to measure. 

On Page 41, U. S. Manual of Instructions for 1881, a meander 
comer is called the comer of a fractional section. Said Manual 
has the force of law. 

Harrison v. Tp. of Bed Bock, N. W. Bep. , VoL 57, P. 11. 
Hess vs. Meyer, 73 Mich. , 259. 

''As a guide in alinement and measurement at each point 
where the line intersects the margin of an impassable obstacle, 
(pond, swamp, marsh, &c. ,) a .witness point will be established, 
except when such point is less than 20 chains from a true point for 
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a legal oomer whieh &D8 in the obstraetion ; in which case a tntness 
eom$r will be established at the intenectiaii." P. 22, Man. 1894. 

Now, as the sole object of a witness comer may be to per- 
petoate a meander comer, it seems to me that a meander comer is 
a m0nnnienifrom trAM to meiuurt. In the MrhihJ of 1894 all cor- 
ners thai are in danger of desiraction by natural causes are to be 
perpetuated by witness comers (P. 47), bat onfy meander comers 
are especiany mentioned. (P. 44.) 

When an island is to be meandered it mnst be "tied to" a 
meander comer on the main land. Page 58^ Manual 1894. 

So that the location of an island, howeyer vahiable or impor- 
tant» depends on a meander comer. 

Meanders of a lake or stream mnst commence at a meander 
oomer. (P. 57, Manual 1894.) 

Mr. F. Hodgman, Chmax, Midi., (aothor of Hodgman*s Man- 
ual) says in a letter dated Feb. 21st, 1900, that "no returned land- 
mark of the U. S. Surrey has any prcmiinence or authority oYer 
that of any other sach land maik ; whether it be section comer, 
quaiter section comer, meander comer, or witness comer.** And I 
haye seyeral letteis tram him, in which he recognises a meander 
comer as a monument to or from which to measure in establifiihing 
unascertained comers. 

In Hronsha t. Janke, 66 Wis., P. 26a HM, **that if the 
quarter post or meander comer was standing there would be no 
quoBtion about the locaticn of the east line of the section.** 

Thus putting a meander comer on a par with a quarter poet. 

This is an important matter, because some good surveyors 
ignore meander comers — so fur as disAance or meamrement is con- 
cerned in establish'ng unascertained camera; and in northern 
Wiseonsin. where there are hundreds of lakes, and the gorenunent 
sunrey was a miserable job, surreys by different suiTeyoia differ 
widely and cause litigation. 

While a meander comer is a momummt, and the haundaary of 
the land which the owner holds in fee sfanple, yet his riparian 
prop erty may extend mu<^ farther— indefinitely ~to^ or into the 
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But a meander Une is not a boundary. The Supreme Court of 
the United States has decided that. — '*The meander lines run in 
surveying fractional portions of the puldio lands bordering upon the 
navigable rivers are run not as boundaries of the tract, but for the 
purpose of defining the sinnodties of the stream, and as a means of 
ascertaining the quantity of land in the fraction, which is to be paid 
for by the purchaser." 

B. B. Co. V. Schurmier, 7th (U. S.) 272. 

The State courts have made similar decisions in repnrd to me- 
ander lines along lake shores. 

*'The comers established by the original surveyors of public 
lands, under the authority of the United States, are eoneluMve as to 
the boundaries of sections and divisions thereof, and no error in 
placing them can be corrected by any suivey made by individuals, 
or a state surveyor.** 

Amier v. Wallace, 28 Miss., 478. 

** A purchaser from government, and all subsequent purchasers 
are bound by calls, surveys, and plats.'* (U. S.) 

Cham. V. Brandt, N. W. Bep., 47, P. 461. 

« Every call in the description of the premises in a deed most 
be answered if it can be done ; and the intention of the parties is to 
be sought by looking at the whole ; and none is to be rejected if 
all the parts can stand consistently together." 

Herrick v. Hopkins, 10 Shep. (Maine), 217. 

''When it is the intention of parties to convey land adjoining 
a highway so as to exclude the highway, such intention must ap- 
pear in clear and explicit terms ; otherwise the fee passes to the 
center of the highway." 

Champlin v. Pendleton, 13 Conn., 25. See P. 56 Guide. 

In the court decisions the intention of the parties mentioned 
in the deed is held to be very important j and the surveyor must 
give effect to such intention if possible. 
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So in the case of valer bomideiie^ the cooitB seem to be in- 
efined to stratch a point to give a man his water front. But I ^un 
mahle to see how the owner of lot S, fig. 96, page 125, oonld be 
given a water front, or lot 3, fig. f2a^ page 190. 

There see hundreds of oouzt ^trtmtmm in legaid to sarreyB not 
essify aooesBible to sarrejotB nsoal^. Dann*B Land Laws is out of 
pihit^ Hodgman's Manual has a good many, and there are c lot of 
latodBeaioDsinlGdLEng.AnnDal for 1896, 50 cents. (F. Hodg. 
man, nKma-r^ lii<*h Sec^f ), and the lew herein quoted ooTer some 
of the mon important points. 
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I find that in many cases the U. S. surveyors, in sabdiTiding 
Townships, did not '* dose out '* to the Tp. line on the north, or the 
Bange line on the west. They stopped at the 3^ post, and guessed 
the rest. Sometimes they did not * * close ** on the east line of the Tp. 
See page 122 (Guide). This causes some astonishing results. If 
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yoa nm west from the northeast oomer of section 30, 39—9 to the 
N. ^ P. and prolong the line to the Bange line, yoa will intersect 
it 60 zods south of the northwest oomer of the section. That is 
one of the worst oases I have found ; but Mr. G. L. Gilham, of Da- 
lath, Minn., sends me the case represented by Fig. 28 which I 
think ** takes the cake.** 

Ton see that they were 120 rods too far north, but I have no means 
of knowing how much too far east or west they were. 

How I set the center of a section* 
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Sec. 23, 34-10 E. Wis. 
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N. yi P. S. (8) 87.94 Var. E. 4.41. 
W. Ji P. F^ CO) 86.38 Var. N. 3.42. 

87.94) 4,4100 (.05014=Nat..Tan. of angle of oorreetion (2<' 55'). 
43970 

13000 Also yariation for each cham. 

8794 



42060 



86.36) 3.4200 (.0396=Kat. Tan. of angle of correction (2)^<>). 
25914 

82860 Also Taiiation for each chain. 

77712 



51480 



87.94 distance from aUid 
42.90 



2)45.04 
22.5 2 
65.42 
22.52 



a 



(( 



a '*6 



86.38 distance from eiog 



43.18 
2 )43.20 
21.60 
64.78 
21.60 



4( 

U 



h •* 5 



Oheck 



(42.90 + 
187.94 - 



22.52 = 65.42 
65.42 = 22.52 



nr^^ir f*3.18 + 21.60 = 64.78 
unecK ^gg 3g __ g^ ^g _ ji.eo 



All these lines are longer on the the tme lines than on the ran- 
doms, because the offsets were taken at right angles from the ran- 
doms. 



* Note.— I ought to haye placed the letters in the above example on the ran- 
dom Unee Instead of the corrected lines. 

AUTHOR. 
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*, 43 chains E. of W. J^ P ;<«, 43 chains S. of N. J^P. 

From tally 8 on N. and S. , random measore, sonth 3 chains to d. 
Then offset W. at right angles (43 chains X .05) = 2.15 chains to 
e. Set you compass at e and change the Temier 2^ 55', and sight 
north and set a stake at / (any conyenient distance). Then measure 
from tally 8 east, on the E. and W. random 3 chains to 5, and offset 
sonth at right angles (43 chains X .0396) = 1.70^ chains to e. 
Then set your compass at c and change the vernier 2^° and sight 
East, while your assistants set a stake in the line e f and in the 
line c i. This wiU give you a (Cen. Sec.) Measniing from 6 to a 
you find the distance 10 links and 43.00 — .10 = 42.90 chains. 
Measuring from 6 to a you find the distance 18 links and 43.00 -|- 
.18 = 43.18. Generally the Gen. Sec. will come much nearer tally 
8 = (40 chains) and you can offset from it (8). 

I set a tally stake at the end of each 5 chs. ; 13 tallies = 66 
chs. For % bet S, ^'s move tally 13, south 42 links, and west 3.28 
chs. = (65.42 X .05014). 

For % bet E. M's move tally 13, west 22 links and south 2.56J^ 
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ohs. = (64.78 chs. X .0396). Generally these xneasorementB -will 
be made from tally 12 (60 chs). 

These lineB were all in a cedar swamp, and yon will see that as 
the measnrements are made on the random lines, much cutting is 
saved. 

I set centers of quarters in the same way as the oeaiezB of 
sections. 

How I designate the seyend comers in a section. 



a 



+ 



1 



H. 
2 



inig. 31 


N. E. comer, 


(1). 


NMPost, 


(3). 


Oen. Sec, 


(3). 


Ji bet. S. JfB, 


(*). 


E. ^ on S. line, 


(6). 


Oen. S. E. yi. 


(6). 



I do not use any letters or figures. 
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From the above yon irin readily name any other comer ; e. §, 
ft is ^ bet W. J^ #. 

This system has the merit of brevity, and no one can migiaAA 
what comer is meant, and / think is preferable to any aifoitnyry 
syKtem, which requires a key in order that the uninitiated may 
nnderstand. 

I describe lines as f oOows, to wit : 

a to 2 loaUK >^ W. KN. hne. 

a to 6 '* W. ^line. 

atoft '* N. }^ W. >i( line. 

3to4 << N. %, 8. %, K. and S. ^Ihis. 

6lo6 <« & ^, E. 1^ line, etc 



HOW TO DIVIDE A SECTION INTO QUABTEBS. 

One of the best lawyers in northern Wisconsin — ^liying 50 miles 
away— called to see me recently to ask me how an ordinary section 
should be diyided into quarters. 

He said a certain surreyor had found the center of a section by 
running a straight line between the N. ^ P. and the S. ^ P. and 
setting the center midway between the two. 

I referred him to McCall ▼. Hogan, 9th Qte. — ^where it is hMy 
*< the center of the section is the intersection of lines drawn from 
north to south by those drawn from east to west.*' (Between quar- 
ter posts.) See Page 9, Bule 1, Guide, and Brown's Leasees t. 
Clements et al, 3d Howard, U. S, S. C, P. 608. 



On page 127, instead of usdng the Co. Tangent of & a 0, it is 
sometimes more convenient to use the Tangent <A a h c. Of 
course the result is the same. 
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KINGS TO CABBY YOUR MAEKING PINS ON. 

Take a piece of No. 10 wire, about 16 inches long. Make a loop 
^ inch by one inch (inside measure) on one end of it, and a hook 
]/^ inch long on the other end of it, at right angles with the loop. 
Then bend the wire into a ring, so that you can spring the hook 
into the loop. Pins cannot lose when zing is hooked. 

When an intermediate course is required, it often happens that 
an easier way to get the desired result, than to take the angles at a. 
and b. and then an intermediate course from 0. / is as follows : 



Fig. 82. 
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40.47 H P. 33.27 

Prom «. to W. J^P. is 40.10. 

d, is M. G. and ^ P. 

If the ^ Post 6, is equidistant from the section comers, measure 
a line parallel with your base ; (for example in Fig. 32 from dL to/.) 
and set e. equidistant from d. and/. / then a line from 0. to 0. is on 
the intermediate course ; but ita. cia longer than €. &., then /. e. 
must be made as much longer than e, d, bscl e,ia longer than c, b. 

In Fig. 32 a. e. is 2.20 chs. longer than e, &., hence /. e. must be 
made 2.20 chs. longer than e, e?., or e. must be set 1.10 chs. east of 
a point midway between/, and d. 
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It e, is noith or soath of a BtEBight lixiA between a. and &., that 
doea not affect the result. 

In Fig. 32 there is an angle at the West ^ P. which makes/. 20 
finka west of eaid ^ P. (/• is on a straight line from a. to the IC 
C. ;) hence to get the point ax. we must set it 10 links east of a point 
midway between/ and «. An enmination of Hg. 26 (line a. n.) 
will make this dear. 

The lake was frosen when I measoied the lina dL / 

The line yon measoie would better be paralkl or iw^y pawJlel 
with your base in oxder to insnze ooirect resalte. 



A year or two ago I fastened a block of wood to my Jaoob staff 
and set a lerel bidb in it, and think it a great improvement. The 
block ought to be abont one foot below the top of the wooden part 
of the staff. 



